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QUANTITATIVE    PHARMACOLOGICAL   STUDIES- 
ADRENALIN  AND  ADRENALIN-LIKE  BODIES." 


By  W.  II.  Sf'HULTz, 

Associate  Pharmacoloffist,  Division  of  Pharmacology,  Hygienic  LahornLory,  United  States 
Public  Health  and  Marine- Hospital  Sermce. 


The  active  prinriplc  oi'  the  adrenal  glaml,  like  some  of  the  other 
internal  secretions,  is  unique  in  its  action.  It  is  supposed  to  fulfill 
a  function  both  in  normal  and  in  pathological  conditions  of  the 
human  body  that  makes  it  a  substance  of  the  greatest  interest.  But 
aside  from  the  importance  that  attaches  to  it  because  of  this,  adrenalin 
has  come  to  hold  a  place  in  therapeutics  whicli,  imtil  recently,  could 
not  be  filled  by  any  other  known  compoinid.  Soon  after  the  dis- 
covery of  its  physiological  action,  adrenal  extract  came  into  exten- 
sive use  as  a  styptic  and,  to  a  more  limited  extent,  for  other  pm-poses. 
With  the  discovery  of  methods  for  the  isolation  of  the  pure  principle 
of  the  gland,  a  still  wider  field  of  usefulness  was  found  for  it  as  a 
drug,  whereupon  nimierous  preparations  were  placed  upon  the  market 
and  manufacturing  firms  widely  advertised  the  importance  of  the 
piu-e  product.  The  different  preparations,  however,  varied  greatly  in 
physiological  activity — some  even  being  worthless,  this  being  due  partly 
to  a  lack  of  care  in  the  process  of  preparation  and  partly  to  the  natm-e 
of  the  container  and  solvent  used  in  bottling  the  extract.  Intrave- 
nous injections  of  the  active  principle  have  been  suggested  in  cases  of 
sm-gical  shock,  and  for  such  it  is  a  matter  of  the  greatest  moment 
that  the  solution  be  of  a  known  concentration.  Obviously,  too  weak 
a  preparation  would  fail  to  produce  the  desired  effect  and  too  strong 
a  solution  might  not  only  throw  too  great  a  strain  upon  an  already 
weak  heart,  but  cause  an  after  depressing  effect  no  less  dangerous. 

It  is  evident,  therefore,  that  every  container  should  be  so  stamped 
as  to  indicate  not  only  the  actual  strength  of  the  solution  in  tern-Ls 
of  piu-e  base,  but  it  should  be  standardized  ])harmacologically  against 
a  preparation  of  known  purity,  and  each  package  s(>  labeled  and 
dated.     At  least  this  should  be  done  with  solutions  intended  for 
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purposes  of  in jcct ion,  so  tliiil  tlic  pliysiciaii  or  surgeon  might  ]>i' 
insured  against  lii(>  ))ossibility  of  seeiu'ing  a  solution  of  unknown 
strength. 

Deteriorated  sohitions  and  preparations  made  from  the  natiiral 
base  of  uncertain  purity  have  not  been  tlie  only  sources  of  trouble. 
Not  long  since,  synthetic  dl-adrenalin  was  placed  upon  the  market 
and  the  most  positive  claims  made  in  its  belialf.  It  was  represented 
as  having  even  a  little  more  pronounced  action  than  natural  l-adren- 
alin,  and  these  claims  were  supported  by  what  seemed  to  be  researches 
by  expert  pharmacologists.  Herein  will  be  found  data  which  fail  to 
coincide  with  the  claims  made  for  dl-adrenalin.  The  investigation 
has  been  carried  on  in  view  of  the  fact  that  physiological  methods 
are  necessary  in  assaying  adrenalin-like  bodies.  A  comparison  of 
the  relative  values  of  various  methods  has  also  been  made,  together 
with  an  effort  to  improve  if  possible  these  methods. 

HISTORICAL. 

The  early  discovery  of  the  vaso-constrictor  action  of  the  adrenal 
extract  by  Oliver  and  Schiifer  (61)  and  by  Szymonowicz  and  Cybul- 
skiego  (70  and  71)  introduces  an  epoch  in  physiological  science,  the 
development  of  the  chemistry  and  pliysiology  of  which  is  scarcely 
less  interesting  than  that  represented  by  the  modern  theory  of 
physiological  oxidations. 

Abel  and  others,  by  their  extensive  chemical  research,  opened  up 
the  way  for  the  discovery  of  the  active  principle  which  was  finally 
separated  by  Takamine  and  by  Aldrich.  Soon  after  enough  data 
had  acciunulated  to  warrant  an  attempt  at  synthesizing  adrenalin. 
Stolz  succeeded  in  making  the  dl-product  which  was  found  somewhat 
different  from  the  natiu^al  base,  and,  finally,  Fliicher  split  the  dl- 
compound  into  its  dextro-  and  levo-  components,  the  latter  of  which 
is  said  to  be  identical  in  every  respect  with  the  levoadrenalin  obtained 
fi'om  the  adrenal  gland. 

The  physiology  of  the  adrenal  glands  alone  covers  a  field  of  no  mean 
proportions,  and  it  is  more  or  less  closeh'  associated  with  a  still 
larger  number  of  articles  on  the  therapeutic  and  toxic  action  of 
adrenalin.  Since,  however,  the  studies  to  be  described  are  for  the 
most  part  quantitative  in  character,  it  seems  advisable  to  limit  refer- 
ences as  far  as  possible  to  methods  and  results  that  are  more  or  less 
quantitative  which  deal  with  the  physiological  action  of  adrenalin 
and  closely  allied  compoiuids.  Comprehensive  resimies  of  the  litera- 
ture dealing  with  the  adrenals,  adrenalin  and  its  homologues,  may  be 
found  in  the  excellent  papers  by  Hultgren  and  Anderson  (40),  Abel 
(2  and  :5),  Aldricii  (4),  Moller  (58),  Davis  (22),  Vincent  (74),  Rolleston 
(04),  and  S(;haf(>r  (fi.'i). 


Tlio  early  anatomists  ohsorvcil  tluit  tlu-  juice  of  the  medullary  sub- 
stance of  the  capsulx  atrahiliana;  (suj)rarenals)  darkened  upon  expo- 
sure to  the  air,  and  called  it  atra  hilis.  It  was  not,  however,  until  the 
lu'ncteenth  century  that  light  was  shed  upon  the  cause  of  this  color 
change.  In  lsr-,6  Vulpian  (75)  observed  that  the  medullary  juice  of 
the  suprarenals  turned  emerald  green  and  rose  carmine  when  brouo'ht 
into  contact  with  ferric  chloride  and  iodine,  respectively.  These 
reactions  were  cliaracteristic  of  tliis  organ,  and  at  once  led  to  the  sur- 
mise that  the  nunhdla  of  the  gland  contained  a  substance  of  pliysio- 
logical  importance. 

Pellacani  (62)  as  early  as  1879  performed  in  Foa's  laboratory  a 
series  of  very  interesting  experiments  with  extracts  of  the  fresh 
organs,  among  which  was  a  series  of  injections  of  adrenal  extract  into 
various  animals.  The  capsules  were  excised,  ground  up  in  a  mortar, 
and  to  this  mass  was  added  tlistilled  water  sufficient  to  fdter,  but  not 
exceeding  the  amount  needed  for  the  injection.  This  licjuid  extract 
was  filtered  through  linen  and  then  paper,  after  which  it  was  imme- 
diately injected.  The  greatest  care  was  exercised  both  in  the  making 
of  the  extracts  and  in  the  preparation  of  the  instruments,  the  latter 
being  immersed  in  strong  alcohol.  Subcutaneous  injections  were 
made  into  dogs,  cats,  rabbits,  guinea  pigs,  and  frogs.  A  rise  of  tem- 
])erature  did  not  always  occur,  and  in  some  of  the  animals  there  was  a 
lowering  of  temperature,  followed  by  death  in  from  twelve  to  thirty 
hours  for  the  more  rapid  cases  of  intoxication.  The  symptoms 
were  general  excitement,  followed  by  paralysis,  both  sensory  and  motor, 
increasing  weakness  of  the  heart,  lowering  of  temperature,  4-.5°,  fol- 
lowed by  death.  It  is  strange  that  Pellacani  should  have  secured 
such  characteristic  adrenalin  effects  and  yet  observed  that  subcu- 
taneous injections  were  more  toxic  than  intra-peritoneal  ones,  and 
that  both  of  these  methods  of  injection  caused  more  pronounced  and 
quicker  effects  than  intravenous  injections.  Although  he  used  ex- 
tracts of  organs  other  than  the  adrenals,  he  found  the  latter  to  be 
more  toxic  and  the  following  organs  to  be  progressively  less  active: 
Muscle,  liver,  kidney,  brain,  milt.  Five  grams  of  clear  extract  of 
two  suprarenals  of  rabbits  injected  into  a  770-gram  guinea  pig 
caused  death  after  twelve  hours.  Eighteen  to  twenty  cubic  centi- 
meters of  extract  of  cat  or  guinea-pig  adrenals  proved  very  toxic  for 
rabbits,  whereas  a  higher  dose,  1  gram,  of  lamb  or  heifer  suprarenal 
extract  was  necessary  to  cause  a  like  degree  of  toxicity. 

Mattel  (53)  repeated  Pellacani's  experiments,  but  arrived  at  very 
different  conclusions.  In  his  conclusions  he  states  that  water  ex- 
tracts of  fresh  organs  injected  into  different  animals  does  not  cause 
any  toxic  action.  The  animals  that  die  do  so  because  of  the  after 
effects  of  the  soluble  organic  matter  of  the  decomposed  tissues,  which 
later  cause  septicemia. 
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Foa  and  rcUacaiii  (32)  in  ]8.s;5  toiiliriiu'd  Pellacani's  earlier  results 
and  removed,  as  they  supposed,  the  influence  of  fibrin  ferment  by 
heating  the  extracts  to  60°.  Tfiey  found  the  toxic  substance  to 
be  very  soluble  in  water  and  alcohol,  but  rather  insoluble  in  ether 
and  chloroform.  ^^Hicreupon  the}^  purified  the  water  extract  as  fol- 
lows: The  capsules  were  minced  and  put  in  boiling  water;  after  a 
time  the  water  was  decanted,  evaporated  to  dryness,  and  the  residue 
treated  with  alcohol,  the  almost  colorless  alcohol  solution  evaporated 
to  dryness  and  again  taken  up  with  water,  tlui.s  leaving  behind  most 
of  the  impurities.  Upon  evaporating  this  solution  a  dark  residue 
of  a  peculiar  odor  and  of  very  acid  reaction  was  obtained.  One 
gram  of  this  substance  injected  into  dogs  caused  death,  whereas 
the  extracted  pulp  of  the  capsule  was  relatively  inert.  These  inves- 
tigators came  to  the  conclusion  that  there  is  an  active  poison  in  the 
adrenal  gland  independent  of  fibrin  ferment  which  causes  extreme 
prostration,  collapse,  motor  and  sensory  paralysis,  and  death  from 
asphyxia  because  of  paralysis  of  the  medulla  oblongata,  especially 
the  respiratory  center.  After  examining  the  original  articles  of 
these  early  writers  it  seems  that  more  credit  should  be  given  to  their 
work  than  is  usually  found  in  literature,  for  they  certainly  described 
symptoms  of  poisoning  very  characteristic  of  adrenalin. 

Krukenberg  (44)  (1885)  assumed  that  the  substance  giving  color 
with  ferric  chloride  is  not  the  chromogenic  substance  of  Vulpian, 
but  more  likely  pyrocatechin  accompanying  the  ehromogen. 

Marino-Zuco  (52)  (1888)  after  freemg  50  capsules  from  fat,  ground 
and  macerated  them  in  1,000  c.  c.  of  distilled  water  heated  in  a 
water  bath  for  several  hours.  The  mixture  was  strained,  evaj)o- 
rated  on  a  water  bath,  and  filtered,  the  I'esulting  solution  being  slightly 
acid  and  red  in  color.  This  extract,  diluted  to  200  c.  c,  and  1  c.  c. 
injected  subcutaneously  into  rabbits,  caused  death  in  five  minutes. 
If,  however,  the  extract  were  treated  with  acid  or  alkali,  it  was  in- 
effective, even  in  large  doses.  The  presence  of  neurine  alone  does 
not  explain  the  toxic  action  of  the  pure  extract,  but  in  combination 
with  very  acid  phosphates  it  may,  at  least  when  made  artificial!}', 
prove  very  toxic. 

GuaraJeri  and  Marino-Zuco  (35)  (1888)  made  an  extract  of  10 
beef  suprarenals  in  60  c.  c.  of  water  and  injected  1  c.  c.  into  medium- 
sized  rabbits,  causing  death  in  a  very  short  time.  Treatment  of 
the  extract  with  acids  and  other  reagents  lessened  the  activity  of 
the  extract  when  intravenously  injected.  From  these  results  they 
concluded  the  toxicity  of  the  aqueous  extracts  was  due  primarily  to 
neurine  (which  I  believe  is  now  generally  conceded  to  have  been 
choline)  and  organic  phosphates. 

It  is  intei-esting  to  know  that  Dzierzgowski  (27  and  28)  as  early 
as  189.3  synthesized  a  number  of  catechol  derivatives  closely  related 
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to  tho  ones  discussed  in  tiiis  paper.  'I'lie  work,  iiowevcr,  did  not 
attract  iiiucli  attention  at  the  time  and  seems  to  have  been  lost  sight 
of,  their  physiological  activity  not  having  been  tested  by  him. 
Even  Stolz,  who  was  familiar  with  the  work,  does  not  give  Dzierz- 
gowski  and  his  contemjxirarit's  tho  credit  they  deserve  for  their  pioneer 
work  with  these  comi)oimds.  Among  some  of  the  compounds 
sjaithetized  by  Dzierzgowski  are  dimethyl-amido-aceto-catechol, 
anilido-aceto-catechol,  methyl-anilido-aceto-catechol,  quinolin-,  pyri- 
diTi-,  and  jiiperidin-  aceto-catechol,  aceto-chloro-aceto-  and  chlor- 
propio-cutechol. 

Gluzinski  (34)  (1895)  removed  aseptically  the  adrenals  of  recently 
killed  oxen,  calves,  hogs,  rabbits,  and  dogs;  weighed  and  ground 
them  lip  wath  broken  glass.  One  part  of  the  pulp  was  allowed  to 
macerate  eight  to  twelve  hours  in  a  cold  50  per  cent  acjueous  solution 
of  glycerine.  The  solution  was  filtered  through  sterilized  glass  wool 
and  the  clear  extract  injected  from  a  sterilized  syringe  into  the  ear 
vein  of  a  rabbit.  In  one  minute  0.3  to  1  gm.  killed  a  1,500  gm. 
rabbit.  The  extract  heated  to  100°  for  one  hour  retained  its  tox- 
icity, causing  hemiplegia,  loss  of  sensibility,  cramps  of  anterior  part 
of  body,  opisthotonus,  rapid  breathing,  dilation  of  the  pupil,  and, 
finalh',  sj^mptoms  of  dyspnoea,  general  paralysis,  and,  imless  artificial 
respiration  were  administered,  death  from  asphyxia. 

Moore,  B.  (59)  (1895),  basing  his  opinion  on  experiments  wliich 
indicated  that  such  chemical  operations  as  destroy  the  color  reac- 
tions by  oxidizing  the  reducmg  agent  likewise  alter  the  physio- 
logical activity  of  the  extract,  concluded  that  Vulpian's  chromogen 
and  the  active  principle  are  identical. 

Dubois  (25)  (1896)  used  an  extract  of  fresh  suprarenals  of  rats 
ground  in  equal  volumes  of  alcohol  and  distilled  water  and  allowed 
to  remain  twentj^-four  hours  in  glycerine.  He  concludes  that  such 
extracts  contain  two  substances,  one  soluble  in  alcohol  at  90°, 
causing  vaso-dilation  and  congestion;  the  other,  very  soluble  in  this 
reagent,  causing  paralysis,  depression  of  the  heart,  and  deatli  from 
asphyxia. 

Frankel  (33)  (1896)  separated  what  he  supposed  to  be  the  active 
principle,  calling  it  "sphygmogenin, "  and  observed  that  a  close 
relation  existed  between  the  ease  with  which  the  substance  is  oxi- 
dized and  its  physiological  activity.  He  suggested  tliat  "sphygmo- 
genin" is  a  pyrocatechin  derivative,  and  althougli  he  and  Kruken- 
berg  were  in  a  measure  correct  it  is  now  knowm  that  Friinkel's  product 
was  a  mixture. 

Vincent,  S.  (73)  (1897),  performed  a  series  of  SO  exi)eriments  with 
rabbits,  guinea  pigs,  rats,  mice,  frogs,  and  toads.  The  extract  was 
made  by  boiling  a  short  time  and  filtering  the  c]i()|)ped-u])  glanil, 
although   a  diied  gland,  glycerine,  or  alcoholic  extract  was  some- 


12 

times  used.  Five-tenths  gnu ii  of  tlie  fresh  gland  in  tlie  form  nf  a  gly- 
erino  extract  injected  into  tiie  dorsal  lyni|)h  sack  of  the  fiog  caused  im- 
mediate paralysis,  from  which  the  animal  soon  recovered,  doses  up  to 
3  gni.  not  proving  fatal.  With  toads  much  larger  doses  were  refjuired 
to  produce  corresponding  symptoms.  Doses  equivalent  to  1.5  and 
3  gm.  of  fresh  glanil  caused  in  rats  tlie  usual  cardiac,  respiratfjiy, 
and  nervous  symptoms,  some  of  the  animals  recovering,  others 
dying  from  failure  of  respiration.  Guinea  pigs  of  average  weight 
were  injected  with  an  e(iuivalent  of  6  gm.  of  fresh  gland,  the  symp- 
toms being  i)ractically  the  same  as  for  cats  and  mice,  except  that 
the  urine  of  the  formerwas  more  blood  colored  (with  orwithout  corpu.s- 
cles).  The  fatal  dose  for  rabbits  can  not  bo  stated,  since  they  vary  so 
much  in  reaction.  Unlike  the  guinea  ])ig,  whicli  becomes  A^eiy  restless, 
the  rabbit  grows  drowsy  and  listless.  Small  initial  doses  followed 
by  one  that  was  usually  fatal  for  fresh  rabbits  no  longer  pnwed  to 
be  so.  Vincent  thinks  that  a  partial  immunity  (tolerance)  is  estab- 
lished toward  the  toxic  action  of  the  extract,  which  passes  off  after 
a  few  weeks. 

In  the  meanwhile  Abel  (1899),  Von  Furth,  and  others  had  been 
working  upon  the  chemistry  of  the  active  principle.  The  former 
isolatcil  a  substance  which  he  called  "  epinephrin;"  the  latter  a 
substance  wliich  he  called  "suprarenin."  A  controversy  arose  as  to 
which  was  the  active  prmciple.  As  a  matter  of  fact,  neither  chemist 
seemetl  to  be  working  with  the  pure  substance.  They  did,  however, 
throw  much  light  upon  the  chemistry  of  the  compound,  and  prepared 
the  way  for  its  separation  by  Takamme  (72)  (1901)  and  by  Aldrich  (4) . 

Moore  and  Purinton  (60)  (1899)  criticized  the  idea  of  epinephrin 
(Abel),  suprarenin  (Von  Furth),  and  the  other  so-called  pure  products 
being  the  active  ])rinciple.  They  record  a  rise  of  blood  pressure  after 
intravenous  injections  of  the  crude  medullary  extract  in  doses 
rangmg  from  0.245  to  24  millionths  of  a  gram  per  kilo.  This,  they 
maintain,  represents  a  physiological  activity  far  in  excess  of  any  of 
the  so-called  active  prmciples. 

In  reply  to  Moore  and  Purmton's  criticism.  Hunt  (41)  determined 
the  minimal  amounts  of  Abel's  epinephrin  sulphate  necessary  to 
cause  a  rise  of  blood  pressure,  finding  that  even  so  small  an  amount 
as  0.083  millionths  of  a  gram  per  kilo  body  weight  caused  a  rise  of 
5  mm.  of  mercury,  and  0.23  millionths  of  a  gram  per  kilo,  a  rise  of 
7  mm.  The  duration  of  the  injection  pei'iod  (in  this  case  two  to 
five  seconds)  was  found  a  very  important  factor  in  determming  the 
degree  of  vaso-constriction  resulting  from  a  given  dose  of  adrenalm. 
One  and  one-tenth  millionths  of  a  gram  per  kilo  injected  rapidly 
might  cause  a  rise  of  blood  i)ressure  equal  to  14  mm.  of  Hg.,  whereas 
doiible  this  dose  injected  slowly  caused  a  rise  equivalent  to  but  8  mm. 


of  Ilg.  Hunt  iiiaiiitaiiis  tliat  tlioso  rcsiills  ju.stily  Abol's  coiiteiitioii 
t  luit  epinoplirin  is  the,  active  principle. 

CVbulskiego  (19)  found  that  1  c.  c.  of  a  10  per  cent  solution  of  the 
extract  injected  into  the  vein  of  a  rabbit  caused  death,  but  if  this 
solution  were  diluted  ton  to  twenty  times  the  same  dose  of  adrenalin 
was  borne  without  any  untoward  eflccts. 

Bouchard  and  Claude  (14)  (1902)  experimented  with  a  small  num- 
ber of  animals,  finding  that  the  lethal  dose  may  be  only  0.5  or  0.2  mg. 
per  kilo,  an  animal  occasionally  withstanding  an  intravenous  injec- 
tion of  as  much  as  1  mg.,  2  mg.  usually  proving  fatal.  The  lethal  dose 
for  rabbits  therefore  lies  between  1  and  2  mg.  j)er  kilo.  Provided 
there  was  a  gradual  increase  of  each  successive  dose  until  a  maximum 
was  reached,  they  could  inject  as  much  as  4  mg.  ])er  kilo  without  any 
imtoward  effects  other  than  temporary  paresis  such  as  is  brought  on 
by  an  initial  dose  of  1  mg. 

Battelli  (7)  (1902),  using  a  slight  modification  of  Takamine's 
method,  claims  to  have  seciu'cd  atlrenahn  even  more  pure  than  that 
obtained  by  Takamine.  Battelli  (9)  injected  this  preparation  sub- 
cutaneously  into  rabbits,  guinea  pigs,  and  fi-ogs  with  the  following 
results:  With  a  corresponding  number  of  guinea  pigs  10  mg.  per 
kilo  proved  to  be  the  lethal  dose.  On  the  other  hand,  frogs  were 
ten  times  more  resistant  than  rabbits,  1,000  mg.  killing  only  three 
out  of  four. 
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He  also  (8)  (1902)  notes  that  Gluzinski  in  1895  called  attention 
to  the  fact  that  intravenous  injections  were  more  toxic  than  sub- 
cutaneous ones.  Battelli  experimented  with  what  he  considei-ed  a 
very  pure  product,  using  adrenalin  base  dissolved  in  water  acidulated 
with  hydrochloric  acid  and  neutralized  with  Na/'O;,  just  befoi-e  inject- 
ing into  the  femoral  vein,  and  obtainctl  the  following  results: 

Rabbits — 0.1  mg.  per  kilo,  not  lethal. 

0.2  mg.  per  kilo,  1  out  of  5  died. 
0.4  mg.  per  kilo,  3  out  of  4  died. 
0.6  mg.  per  kilo,  always  lethal. 
Guinea  pigs — 0.05  mg.  per  kilo,  not  lethal. 

0.10  mg.  per  kilo,  2  out  of  5  died. 
0.20  mg.  per  kilo,  always  lethal. 

The  toxic  dose  for  the  rabbit  and  guinea  pig  was  al)out  the  same 
when  the  injection  was  made  into  the  jugidar  vein  of  tlie  rabbit 
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and  into  the  femoral  vein  of  tlie  <^uin(^a  i)ig,  dealli  ensuinf;  from 
oedema  of  tlie  lungs  or  fibrillation  of  the  heart.  Summing  u[)  his 
work,  he  concludes  that  intravenous  injections  are  about  forty  times 
as  potent  as  subcutaneous  ones. 

Eeckhout  (20)  is  quoted  as  finding  the  lethal  dose  of  adrenalin  to 
be  O.OS  to  0.06  mg.  per  kilo.  In  the  original  paper,  however,  I  find 
that  this  lethal  dose  is  calcidatod  from  doses  that  accidentally  caused 
death  in  animals  previously  injected  with  morphine  and  atropine 
and  ansesthetized  with  chloroform,  which,  according  to  later  writers, 
renders  the  animals  less  resistant  to  adi-enalin. 

Amberg  (5  and  6)  (1902)  compared  the  toxicity  of  Abel's  e[)ine- 
phrin  with  the  commercial  product  made  by  Takamine's  method,  and 
found  that  Abel's  sample  dissolved  completely,  whereas  only  517.7 
mg.  of  the  commercial  product  dissolved  in  18  c.  c.  of  II2O,  leaving 
behind  4.6  mg.  of  sediment.  After  studying  the  effect  of  subcu- 
taneous injections  upon  9  dogs  and  intravenous  injections  upon  16, 
he  concluded  that  the  lethal  intravenous  dose  lay  between  0.99  and 
2  mg.  per  kilo,  subcutaneous  injections  of  4.9  mg.  per  kilo  not  proving 
lethal,  though  6  mg.  or  more  per  kilo  were. 

Lesage  (47,  48,  and  49)  (1904)  does  not  state  by  what  process  liis 
adrenalin  was  made,  but  judging  from  the  size  of  the  lethal  dose  it 
must  have  been  a  very  good  one.  From  a  stock  solution  containing 
0.04  gm.  adrenalin,  40  gm.  HjO,  and  1  drop  of  HCl  he  made  a  1 :  20,000 
solution  to  be  used  for  intravenous  injection. 

Rabbits — 0.05  mg.  per  kilo,  signs  of  intoxication. 
0.20  mg.  per  kilo,  lethal  (4  animals). 
Dogs — 0.05  mg.  per  kilo,  not  toxic. 

0.12  mg.  i^er  kilo,  sometimes  lethal. 
0.20-0.25  mg.  per  kilo,  usually  lethal  (4  out  of  6). 
Cats — 0.50-0.81  mg.  per  kilo,  lethal  (6  animals  survived  after  5  injections  of  0.25 
mg.  and  1  of  0.50  mg.  per  kilo). 

With  the  larger  doses,  0.26  mg.  per  kilo,  he  observed  that  the  dogs 
usually  died  from  asphyxia,  but  when  0.20  mg.  per  kilo  was  fatal 
they  usually  died  from  heart  failure.  In  general,  anesthetics  aug- 
mented the  toxic  action  and  sublethal  doses  of  adrenalin  rendered 
the  animals  resistant  to  doses  that  ordinarily  proved  fatal  for  normal 
animals.  He  concludes  that  there  is  a  considerable  variation  in  the 
susceptibihtyof  one  individual  as  compared  with  another,  and  a.  still 
greater  variation  for  different  species. 

Baylac,J.  (10)  (1905),  working  with  a  1 : 1, ()()()  solution  of  adrenaUn, 
found  that  the  lethal  dose  varies  with  the  species  and  accortling  to 
the  manner  of  its  injection.  The  lethal  subcutaneous  dose  as  deter- 
mined on  6  guinea  pigs  and  6  rabbits  is  estimated  at  100  mg.  per  kilo 
and  20  mg.  per  kilo,  respectively.     On  the  other  hand,  he  estimated 
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from  cxiuMiiiu'uts  witli  o  rabbits  tlial  the  lethal  intravenous  dose 
is  about  0.06  nig.  per  kilo,  although  0.03  mg.  per  kilo  may  prove 
very  toxic.  An  intrapleural  injection  of  2  mg.  per  kilo  or  the 
same  amount  iuJccttMl  inti-iipcritoncally  into  guinea  pigs  may  prove 
fatal. 

Up  to  thi.s  time  toxicity  experiments  and  blood  pressure  determi- 
nations were  primarily  (pialitative  in  nature,  yet  they  furnish  a  most 
reliable  index  of  the  relative  purity  and  activity  of  adrenal  extracts, 
and  of  the  pure  products  of  the  active  principle  thus  far  made. 

Houghton  (3S),  however,  in  1901,  emphasized  the  usefulness  of 
quantitative  determinations  by  the  blood-pressure  method  and  pub- 
lished records  illustrating  the  relative  effect  of  different  volumes 
of  the  same  solution  injected  subcutaneously.  In  1902  (39)  he 
proved  this  method  one  of  the  most  accurate  means  of  assaying 
adrenalin.  Three  solutions,  A,  B,  and  C,  were  used,  one  containing 
85,  one  40,  and  another  130  per  cent  of  adrenalin  in  a  given  solution. 
An  assistant  reported  that  A  contained  80,  B  40,  and  C  135  per  cent 
of  the  amount  in  the  kno'svn  solution.  It  was  also  found  that  Taka- 
mine's  crystalline  product  was  from  600  to  800  times  as  active  as  the 
best  aqueous  extracts  of  freshly  prepared  glands. 

Lawen  (46)  in  1903  studied  the  quantitative  effect  of  adrenalin 
iq)on  the  blood  vessels  of  frogs.  The  brain  and  spinal  cord  were 
destroyed  and,  by  measuring  the  outflow  from  the  vessels  subjected 
to  a  given  pressure  with  a  knowai  solution,  he  determined  the  relative 
vaso-constrictor  action  of  the  different  adrenalin  solutions.  With  a 
pressure  equivalent  to  30  c.  c.  of  H^O  the  frogs  lasted  about  two  hours. 
Two  ten-thousandths  of  a  milligram  of  suprarenin  in  a  concentration 
of  2:100,000,000  constricted  the  blood  vessels  of  a  50-gram  frog  so 
that  the  outflow  was  reduced  20  to  37  per  cent.  In  other  experi- 
ments it  was  determined  what  pressure  in  excess  of  the  minimum  was 
necessary  to  overcome  the  increased  resistance  due  to  vaso-constric- 
tion.  By  these  experiments  Lawen  not  only  could  study  solutions 
quantitativeh'-,  but  could  even  detect  the  differences  between  fresh 
solutions  and  those  that  had  been  standing  for  some  time. 

Up  to  this  time  little  attention  had  been  given  to  the  possibility 
of  using  jjarticular  organs  for  assaying  adrenalin,  but  observations 
made  by  the  folio-wing  writers  eventually  led  to  the  idea  that  ])ossibly 
the  eye  or  separate  strips  of  muscle  might  prove  serviceable. 

In  1904  Meltzer  and  Auer  (54),  Lewandowsky  (50),  Boruttau  (13), 
and  Langley  (45)  confirmed  Foa's  observatioTi  that  adrenalin  extract 
intravenously  injected  causes  dilation  of  the  pupil  and  that  subcuta- 
neous injections  have  no  effect.  It  is  assumed  that  the  extract  is 
oxitUzed  in  the  lymph  spaces  before  it  reaches  the  neuro-muscle 
apparatus  and  effects  dilation.     Meltzer  (54)  states  that  his  extensive 
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exi)orioncc>  witli  subcutaneous  iujoctious  of  iulicnnliM  in  iionnul 
rabbits  warrants  the  conclusion  tliat  dilation  docs  not  occur  unless 
the  dose  is  large  enough  to  cause  asphyxia.  If,  however,  the  superior 
cervical  ganglion  is  excised,  even  a  moderate  dose,  0.6  c.  c.  of  a  1 : 1 ,000 
solution,  will  cause  the  ])upil  on  the  side  from  which  the  ganghon  is 
removed  to  become  dilated  ad  maximum.  Radziejewski  (63)  was  one 
of  the  first  to  claim  that  adrenalin  instilled  into  the  eye  exerts  no 
effect  upon  the  pupil,  and  this  idea  is  supported  by  Tjewandowsky 
(1889),  Boruttau,  Meltzer,  Loewi,  Ehrmann,  etc.  Meltzer  (55), 
however,  finds  that  removal  of  the  superior  cervical  ganglion  and 
instillations  of  adrenalin  twenty-four  hours  later  made  the  pupil  dilate 
in  jiroportion  to  the  amount  of  adrenalin  instilled.  After  four  or  five 
instillations,  two  drops  every  two  or  three  minutes,  the  dilation  can 
be  ad  maximum,  lasting  several  hours  in  rabbits  and  cats  (54). 

Meltzer  and  Auer  (56)  in  a  later  series  of  experiments  showed  that 
adrenalin  subcutaneously  injected  into  frogs  or  instilled  into  the  eye 
dilated  the  pupil  widely,  the  vertical  axis  being  affected  most.  Three 
drops  of  a  1 : 1 ,000  solution  instilled  by  pusliing  a  fine  pipette  between 
the  bulbus  and  the  lid  caused  very  marked  dilation  in  three  to  seven 
minutes,  which  lasted  as  long  as  if  subcutano.>us'y  injected.  To 
eliminate  the  possibility  of  the  drug  being  absorbed  by  the  skin  the 
bulbus  was  excised  and  adrenalin  dropped  upon  the  corneal  surface. 
There  was  prompt  dilation,  which  lasted  many  hours.  As  a  result  of 
tliis  work  the  wi-iters  suggested  that  "the  frog's  eye  excised  or  in  situ 
might  prove  to  be  a  better  reagent  than  the  blood  pressure  to  demon- 
strate the  efficiency  of  a  suprarenal  preparation." 

Wessely  (76)  (1905-6)  reinvestigated  the  action  of  adrenaUn  upon 
the  intraocular  pressure  and  upon  the  pupil.  He  found  that  instilla- 
tions of  adrenalin  into  tlie  eyes  of  vertebrates  causes  dilation,  provided 
the  strength  of  the  solution  is  increased  to  suit  the  animal  experimented 
with.  For  man  a  1  per  cent  solution  is  accompanied  by  danger,  and  a 
0.1  per  cent  solution  is  too  weak  to  cause  mydriasis. 

Schultz  (66)  also  showed  that  adrenahn  instilled  into  the  eyes 
of  mammals  always  causes  dilation  of  the  pupil.  The  degree  of 
mydriasis  resulting  from  a  given  amount  of  adrenahn  depends, 
however,  upon  the  intensity  of  light  stimuli  and  upon  the  Idnd  of 
animal  used.  There  is,  so  to  speak,  a  kind  of  antagonism  between 
the  ])rocesses  set  up  by  the  fight  stimufi  and  those  initiated  by 
adrenalin.  So  that  animals  with  a  sensitive  and  more  highly  devel- 
oi)ed  light-accommodating  mechanism  require  a  longer  period  of 
instillation  and  a  greater  amount  of  adrenalin  to  cause  mydriasis 
than  those  with  eyes  less  sensitive  to  fight. 

Ehrmann  (29)  (1905)  used  the  method  suggested  by  Meltzer  (56), 
and  thinks  to  have  ruled  out  the  influence  of  the  sympathetic  im- 
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pulsos,  tlio  presence  of  which  is  lichl  to  prevent  mydriasis.  The 
enucloatetl  frog's  bulbus  placed  in  a  small  vessel  of  5  c.  c.  capacity 
with  a  known  amount  of  adrenalin  was  compared  with  controls  in 
physiological  saline.  He  mentions  that  there  is  considerable  indi- 
vidual variation,  but  in  the  subsequent  paragraphs  and  the  reviews 
of  his  article  this  factor  is  lost  sight  of.  The  pupil  dilated  to  a 
maximum  in  a  solution  of  0.001  mg.  and  0.0001  mg.  per  c.  c.  pro- 
duced distmct  dilation.  Having,  as  he  thinks,  proved  the  <lelicacy 
of  the  test  object,  he  then  determines  the  adrenalin  content  not 
only  of  the  blood  after  an  intravenous  injection  of  adrenalin,  but 
even  determines  that  the  adrenals  secrete  into  the  blood  a  percep- 
tible amount  of  adrenalin.  He  overlooks,  however,  the  fact  that  in 
the  blood  there  are  other  substances  that  cause  the  pupil  to  dilate, 
not  to  mention  certain  factors  discussed  later  which  enter  in  to 
justify  the  severest  criticism  of  his  technique  and  conclusions. 

Meyer  (57)  (1906),  by  suspending  strips  of  beef's  subclavian  and 
carotid  arteries  in  adrenalin  solutions,  concludes  that  with: 

1  gm.  of  adrenalin  to  one  thou.'iand  million  c.  <■.  of  oxygenated  Ringer,  conlraction 
may  occur. 

1  gm.  of  adrenalin  to  one  hundred  million  c.  c.  of  oxygenated  Ringer,  contraetioii 
usually  but  not  always  occur,''. 

1  gm.  of  adrenalin  to  fifty  thousmd  c.  e.  of  oxygenated  Ringer,  maximal  conlrac- 
tion usually  occurs. 

1  gm.  of  adrenalin  to  one  hundred  c.  c.  of  oxygenated  Ringer,  maximal  <-out ruction 
may  occur. 

He  maintains  that  the  method  is  a  quantitative  one,  and  along 
with  other  interestmg  statements  says  that  strips  exposed  to  rather 
concentrated  solutions  of  adrenalin  (1:10,000)  for  eight  mmutes, 
removed,  wiped  dry,  and  then  hung  in  20  c.  c.  of  fresh  Ringer  solu- 
tion for  five  minutes  diffuses  suflicient  adrenalin  into  the  new  solu- 
tion to  stimulate  fresh  strips  quantitatively  equivalent  to  a  one  to 
twenty  million  solution. 

By  this  time  sufficient  chemical  data  had  accumulated  to  war- 
rant attempts  to  synthesize  adrenalin.  Stolz  (68)  and  Dakin  (21) 
succeeded,  independently,  in  making  substances  closely  allied  to  this 
product,  among  which  proved  to  be  dl-adrenalin.  The  discovery 
of  these  interesting  compounds  resttlted  in  a  new  series  of  phanna- 
cological  experiments. 

The  physiological  testing  of  synthetic  substances  by  Dakin  (21) 
and  by  Loewi  (51)  and  Meyer  are  hardly  quantitative  in  nature,  and 
their  results,  though  roughly  comparable  with  each  other,  give  only 
a  general  idea  of  the  activity  of  the  compounds.  Biberfeld  and 
German  wTiters  in  general  seem,  as  pointed  out,  to  have  been  mis- 
led by  some  of  the  statements  of  Loewi  and  Meyer,  based  upon  quali- 
177— Bull.  55—09 2 
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talivo  liitlici-  tliaii  (|UiUititativ("  stuilies  of  siuli  ((Hiipounds  us  ami- 
nokptono,  otliy'-  and  metliyl-  aiiiinoketonc,  and  ethyl-  and  methyl- 
aminoalcohol.  Dakin  (20,21)  examined  analino,  o-tohiidino,  and 
a-naphthylamino-acetylcatechol,  finding;  tliat  small  quantities  cause 
no  rise  of  blood  pressure;  j)iperidino  does,  though  its  compounds  are 
less  active  than  piperidine  itself.  He  arrives  at  the  ^generalization 
that  the  catechol  nucleus  is  necessary  to  produce  a  physiologically 
active  substance  of  the  type  of  adrenalin;  that  it  is  of  importance 
that  the  hydrogen  atoms  of  both  hydroxyl  groups  in  the  catechol 
nucleus  be  unsubstituted.  He  thinks  also  that  an  alkyl  group  of 
low  molecular  weight  attached  to  the  nitrogen  atom  tends  to  pro- 
duce a  more  active  substance  than  when  an  aromatic  group  is 
attached,  whereas  derivatives  of  piperidine,  heptylaniine,  anil  !)en- 
zylamine  occupy  an  intermediate  position,  and,  finally,  that  there 
seems  to  be  a  close  connection  between  chemical  instability  and 
physiological  activity,  and  vice  versa. 

One  of  the  first  and  most  strikingly  practical  applications  of  (juan- 
titative  determinations  of  adrenalm  found  in  literature  is  that  of 
Hunt  (42)  (1906).  Samples  were  sent  to  the  Hygienic  Laboratory 
for  the  determining  of  their  relative  physiological  activity.  He 
found  that  the  rise  of  blood  pressure  from  ecjual  amounts  of  samples 
A  and  B  were  practically  the  same,  about  1.4  to  1.8  times  that  of 
V;  in  order  to  record  the  same  rise  of  blood  pressure  from  equal  vol- 
umes of  C  and  of  A  and  B  it  was  necessary  to  increase  the  strength 
of  C  by  about  1.7  times.  In  a  second  series  four  preparations  were 
tested;  three  of  these  were  labeled  "1:1,000  solutions  of  the  active 
principle"  and  one  "dried  powdered  gland."  Preparations  C  and  A, 
from  the  manufacturers  of  the  first  series,  were  about  equal  in  strength 
and  approximatel}'  five  times  as  strong  as  D.  It  was  possible  to  pre- 
pare from  an  ounce  of  the  dried  suprarenal  gland  about  15  fluid  ounces 
of  a  decoction  as  potent  as  the  active  principle  labeled  1:1,000.  To 
further  emphasize  the  accuracy'  of  the  blood-pressure  method  I 
quote  an  interesting  paragraph  from  the  same  paper:  "Abel  calcu- 
lated that  fresh  beef's  suprarenals  contain  at  least  0.3  per  cent  of 
the  active  principle.  One  part  of  the  dried  gland  corresponds, 
according  to  the  United  States  Pliarmacopoeia,  to  approximateh' 
six  parts  of  the  fresh  gland;  hence,  acconling  to  Abel's  experience 
*  *  *  1  gm.  of  the  dried  gland  should  contain  0.018  gm.  of  the 
active  principle  *  *  *  and  should  yield  about  18  c.  c.  of  a  solution 
corresponding  to  1 :  1 ,000  of  tlie  active  principle.  As  a  matter  of 
fact,  I  found  that  it  yielded  about  15  c.  c.  [from  blood-pressure  data] 
of  such  a  solution,  and  it  is  improbable  that  the  gland  was  com- 
pletely exhausted  in  my  experiments." 

Sollmann  (67)  (1906)  also  examined  a  series  of  commercial  supra- 
renal preparations  and  found  the  relative  efficiency  to  vary  consider- 
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iibly.  At  least  two  siunplcs,  a  and  h,  made  by  tlic  same  linn,  were 
bought  on  the  open  market  and  tested.  In  order  to  eliminate  all 
bias  the  solutions  to  be  tested  were  made  by  a  second  person.  The 
relative  efliciency  of  the  original  solutions  was  thus  estimated  and 
found  to  be  as  follows:  la=7(),  ]b=70;  2a=100,  2b  =  86;  3a  =  S6, 
3b  =63;  4a  =95,  and  4b  =  0. 

As  already  pointed  out,  Dakin  and  Stolz  had  synthesized  com- 
pounds thought  to  be  allied  to  adrenalin.  Biberfeld  (11)  (1906) 
compared  methylamino  alcohol  (.synthetic  dl- adrenalin)  with  natural 
adrenalin  and  found  them  physiologically  identical.  A  1:500,000 
solution  causes  dilation  of  the  frog's  pupil;  2  mg.  injected  subcutane- 
ously  into  a  rabbit  causes  diuresis  and  glycosuria;  0.001  of  a  milli- 
gram injected  intravenously  causes  a  rise  of  blood  pressui'e.  The 
lethal  dose  for  rabbits  is  given  as  0.1  to  0.2  mg.  per  kilo  for  intraven- 
ous injections  and  4  mg.  per  kilo  when  injected  subcutaneously. 

The  reduction  product  of  the  aminoketoue,  ethylaminoalcohol 
represented  by  the  formula 

on 

OH 


H 

C^CH,NH(C3H,) 
\OH 

is  said  to  act  more  strongly  upon  the  vagus,  but  to  affect  the  blood 
pressure  in  a  less  degree  than  natural  adrenalin.     Diethylamino  alco- 
hol was  also  foxmd  to  be  much  less  active. 
The  amino  alcohol  represented  by  the  formula 

OH 

OH 


H 
C^CH,NH, 

\on 

prcxluced  a  rise  of  blood  pressure  eriual  to  that  caused  by  natural 
adrenalin.  In  one  case  a  rabbit  withstood  a  dose  of  arterenol  two 
to  three  times  as  great  as  the  lethal  dose  of  adrenalin  without  show- 
ing any  very  untoward  symptoms  of  intoxication. 

Gunn  and  Harrison  (36)  (1908)  dissolved  samples  of  adrenalin  in 
various  kinds  of  media,  preserving  the  1:1,000  solutions  in  different 
kinds  of  containers  and  under  various  conditions,  their  object  being 
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U)  (letenuine  the  eJlccL  of  vaiious  I'ufLois  ii|)oii  tlicir  nite  ot  deterio- 
ration. Each  of  the  set  of  about  twenty  samples  was  marked  by 
letter  or  number  and  submitted  to  Dixon  for  physiological  testing. 
The  results  when  examined  l)y  Giinn  and  Harrison  revealed  that  the 
fresh  samples  of  natural  and  synthetic  adrenalin,  though  of  the  same 
concentration,  did  not  possess  the  same  physiological  activity,  the 
natural  product  being  approximately  one-half  that  of  the  synthetic. 
These  writers  in  referring  to  Dixon's  tests  conclude  that  since  "the 
natural  substance  is  lasvorotatory  and  the  synthetic  is  optically 
inactive,  it  would  appear  that  only  one  of  the  two  isomers  possesses 
physiological  activity."  This  is  the  first  published  statement  of  the 
kind  found  that  is  supported  by  experimental  data  of  so  reliable  a 
character,  but  Dixon  (23)  in  a  note  in  the  Pharmaceutical  Journal 
states  that  "it  was  C'ushny  who  first  suggested  at  a  meeting  of  the 
Physiological  Society  that  the  synthetic  adrenalin  might  be  a  mixture 
of  the  two  optical  isomers  of  which  the  Isevo  variety  alone  was 
markedly  active." 

Biberfeld  (12)  repeated  his  work  of  1906  and  not  only  confirmed  to 
liis  own  satisfaction  his  earlier  results  but  also  criticised  vmjustly  the 
work  of  Dixon  described  by  Gunn  and  Harrison.  He  weighed  equal 
cjuantities  of  the  natural  and  synthetic  base,  dissolved  each  in  0.8 
per  cent  sodium  chloride  solution  acidified  with  the  calculated 
amount  of  hydrocliloric  acid,  and  allowed  them  to  stand  for  eighteen 
days  when  their  vasoconstrictor  action  was  tested  upon  a  rabbit 
weighing  2  kilograms.  The  rise  of  blood  pressure  resulting  from 
intravenous  injections  of  these  compounds  is  given  as  follows: 

0.001    mg.  natural,  rise  of    8.5  m.  m.  0.001    mg.  synthetic,  rise  of    7.0  m.  m. 

6.002    mg.  natural,  rise  of  15.0  m.  m.  0.002    mg.  sj-nthetic,  rise  of  11.0  m.  m. 

0.008    mg.  natural,  rise  of  18.0  m.  m.  0.008    mg.  synthetic,  rise  of  19.0  m.  m. 

0.016f  mg.  natural,  rise  of  27.0  m.  ni.  0.016J  mg.  synthetic,  rise  of  27.0  m.  m. 

This  is  certainly  insufficient  data  upon  which  to  base  such  impor- 
tant conclusions,  and  more  especially  is  this  true  when  part  of  the 
data  given  in  itself  seems  open  to  criticism.  One  and  five-tenths 
milimeters  difference  in  such  small  blood-pressure  changes  as  occur 
in  the  first  reading  and  4  m.  m.  difTerence  in  the  second  indicate  some- 
thing other  than  mere  experimental  error. 

Stolz  and  Flacher  (69)  (1908),  in  criticising  Gunn  and  Harrison's 
article,  state  that  "the  two  products,  synthetic  and  natural  adre- 
nalin are  not  isomeric  substances  but  identical  structurally.  The 
suggestion  that  synthetic  suprarenin  is  onl_y  half  as  active  as  the 
natural  Itevorotatory  suprarenin  is  incorrect,  as  otherwise  in  logical 
seijuence  the  dextrorotatory  suprarenin  would  be  entirely  inactive. 
We  made  by  synthesis  a  preparation  composed  of  one-half  of  dextro- 
rotatory and  the  other  half  racemic  suprarenin.     The  latter,  which 
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is  optically  inactive,  consists  of  (^ciual  (|uantitics  of  th(>  laworotatoiy 
and  clextrorotatory  niodification,  so  that  this  substance  consisted 
of  three-quarters  dextro  and  one-quarter  laevorotatory  suprarenin. 
If  the  supposition  were  correct  that  the  dextro-rotatory  suprarenin 
is  inactive,  then  this  mixture  could  only  possess  one-fourth  the 
activity  of  the  natural  suprarenin.  Careful  experiments  upon 
animals  with  the  kymograph  demonstrate,  however,  the  complete 
equivalence  of  this  preparation  with  the  natural  substance."  These 
writers  are  not  content  with  this  statement,  but  even  make  it  appear 
as  if  a  conunercial  product  in  which  they  are  deeply  interested  is, 
according  to  "a  great  number  of  clinicians  and  pharmacologists,  not 
only  equal  to  that  obtained  from  the  adrenal  organs  but  its  activity 
is  even  greater  than  the  latter,  which  must  be  atiiibuted  to  the 
absolute  purity  of  the  synthetic  preparation." 

Cushny  (16)  (1908),  in  a  preliminaiy  report,  states  that  he  exam- 
ined the  products  just  mentioned,  finding  that  the  strength  of  the 
three  substances — natural  base,  synthetic  base,  and  Ihe  three-fourths 
dextrorotatory  base — bear  the  relation  4:2:1.  He  also  finds  Biber- 
feld's  results  divergent  from  his  own,  and  offers  as  a  possible  explana- 
tion the  use  of  rabbits  which,  Cushny  thinks,  acquire  a  tolerance 
for  adrenalin. 

Cushny  (17)  (190S)  compared  a  sample  of  natural  adrenalin  the 
optical  activity  of  which  was  found  to  be  -42.25°  with  a  synthetic 
sample  optically  inactive.  Instead  of  trying,  as  did  Biberfeld,  the 
relative  activity  by  comparing  the  minimal  doses  necessary  to  cause 
a  rise  of  blood  pressure  he  checked  1  c.  c.  of  1:100,000,  1:50,000, 
and  1:25,000  of  adrenalin  base  with  corresponding  solutions  of  the 
synthetic  product.  Then  by  decreasing  the  dose  of  the  stronger 
preparation  and  increasing  that  of  the  weaker  until  the  rises  of 
blood  pressure  approximated  each  other  he  was  able  to  determine 
the  relative  physiological  activity  of  each.  As  a  re.sidt  of  his  experi- 
ments upon  dogs  anesthetized  with  paraldehyde  with  both  vagi  cut 
and  under  conditions  of  artificial  respiration  he  concludes  that  the 
"natural  Isevoadrenalin  acts  twice  as  strongly  on  the  blood  pressure 
as  synthetic  or  racemic  adrenalin,  and  presumably  also  upon  the 
other  organs  affected  by  adrenalin.  From  this  it  is  inferred  that 
dextroachenalin  is  devoid  of  action  on  these  tissues,  and  this  is  con- 
firmed b}'  the  examination  of  a  partially  isolated  d-adrenaliu." 

Flacher  (31)  (1908)  succeeded  in  splitting  dl-adrenalin  into  its 
d-  and  1-  components.  He  concluded  that  the  physico-chemical 
properties  of  the  synthetic  1-adrenalin  and  the  natural  1-adrenalin 
are  identical.  Both  melt  at  211°  to  212°  C.  (uncorrected).  They 
form  oxalates  and  chlorides  that  do  not  crystallize.  The  synthetic 
product  purified  from  the  bitartrate  and  dissolved  in  hydrochloric 


acid  shows  an  optical  activity  of  |'f]''^''=  —51.40°  and  that  of 
the  pure  natural  l-adrcnalin  obtained  from  the  bitartrate  showed 
an  optical  activity  of  [a]'^*  = -51.40°.  The  d-adrenalin  dis- 
solved in  weak  hydrocliloric  acid  .showed  an  optical  activity  of 
[aj'*^*  = +51.80  and,  like  its  optical  isomer,  melts  at  211°  to 
212°  C.  (uncorrected),  and  it  forms  oxalates  and  chlorides  which  do 
not  crystallize. 

The  physiological  activity  of  these  new  products  was  tested  by 
Abderhalden  (1)  (1908)  and  Miiller,  and  reported  in  a  very  unsatis- 
factory manner.  The  l-adrenalin  was  found  to  be  fifteen  times  more 
active  than  the  d-isomer. 

Cushny  (IS)  (1908)  in  a  very  brief  report  states  that  he  tested  the 
synthetic  d-  and  1-  adrenalin  prepared  by  Fliicher,  finding  the  s\ti- 
thetic  l-adrenalin  equal  in  potency  to  the  l-adrenalin  obtained  from 
glands.  It  was  found  difficult  to  determine  the  absolute  relative 
physiological  activity  of  the  synthetic  d-  and  the  synthetic  1-  adrenalins, 
but  in  general  ten  times  more  synthetic  d-adrenalin  was  required 
than  of  the  synthetic  1-  to  produce  a  given  rise  of  blood  pressure. 
It  was  calculated  that  the  relative  physiological  activity  of  the  d- 
and  1-  products  were  in  the  ratio  of  12:1.  In  the  light  of  these 
experiments  the  relative  activity  of  the  natural  l-adrenalin  and  the 
sjTithetic  dl-adrenalin  may  be  expressed  by  the  ratio  24:13. 

Although  Emmert's  work  (.30)  (1908)  has  to  deal  primarily  with 
histological  changes  ensuing  from  repeated  injections  of  sublethal 
doses  of  adrenalin,  some  interesting  toxicological  data  is  recorded. 
The  number  of  mice  used  by  him  does  not  seem  to  have  been 
large,  and  hence  the  dose  given  as  lethal  must  not  be  taken  too 
seriously.  It  is  stated  that  0.1  mg.  generally  caused  death  in  from 
one  minute  to  sixty  horn's.  In  one  case  he  was  able  to  increase 
gradually  the  dose  to  as  much  as  0.5  mg.  before  acute  poisoning  set 
in.  In  another  case  three  mice  were  injected  with  0.1  mg.  once  or 
twice  a  day  for  9,  24,  and  39  days.  In  still  another  experiment  mice 
were  observed  for  109  days,  fifty-six  0.033  mg.  doses  being  first 
injected,  and  later  twenty-five  0.1  mg.  doses.  Only  tliree  mice  lived 
after  doses  of  0.1  to  0.15  mg.,  and  these  were  always  prostrated  by 
each  of  the  twenty-five  injections  given  in  the  course  of  24  days. 
For  the  object  of  studying  lesions  caused  by  repeated  injections  his 
experiments  are  perhaps  sufficient,  but  for  purposes  of  determining 
the  lethal  dose  thev  are  not. 
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THE  RELATIVE  ACTIVITY  OF  ORTHO-DIOXY-PHENYL-ETHANOL-METHYL- 
AMIN  (NATURAL  L-  AND  SYNTHETIC  DL-  ADRENALIN),  OF  ORTHO- 
DIOXY-PHENYL-ETHANOL-AMIN  (  ARTERENOL"  i.  AND  ETHYL-AMINO- 
DIOXY-ACETO-PHENON  CHOMORENON" )  AS  DETERMINED  BY  BLOOD 
PRESSURE. 

Soon  after  synthetic  dl-aclrenalin  was  placed  upon  the  market 
samples  of  it  were  submitted  to  the  Division  of  Pharmacology  of  the 
Hygienic  Laboratory  for  comparison  with  the  natural  1-base.  A  few 
prehminary  tests  showed  the  synthetic  substance  to  be  only  one- 
half  to  two-thirds  as  active  as  the  natural.  Upon  noting  this,  it  was 
decided  to  make  a  study  of  certain  catechol  derivatives  and  also  to 
examine  into  the  best  methods  for  standardizing  them.  Of  the 
several  methods  proposed  it  was  found  that  on  the  whole  that  of 
blood  pressure,  of  the  pupil,  ami  of  subcutaneous  injections  was 
most  satisfactory.  The  pupil  method  as  used  by  Meltzer  and  by 
Ehrmann  is  adequate  for  qualitative  but  not  for  quantitative  testing. 
Hence  this  method  was  changed  to  eliminate  as  far  as  possible  the 
most  serious  errors  that  coukl  arise,  which  has  now  made  the  pupil 
method,  though  not  quite  so  delicate,  almost  as  reliable  as  that  of 
blood  pressure.  Likewise  the  toxicity  data  of  ath'enalin  literature, 
though  in  a  general  way  supplementing  the  qualitative  and  cjuanti- 
tative  results  of  their  period,  are,  on  the  whole,  unsatisfactory,  being 
unsuited  for  comparison  with  more  recent  experiments  with  pure 
compounds.  For  this  reason  a  series  of  experiments  was  carried  on 
under  conditions  whereby  the  members  of  one  series  could  be  com- 
pared with  those  of  another. 

A  glance  over  the  literatui-e  on  adrenalin  reveals  at  once  how  prom- 
inent a  place  the  blood-pressure  method  occupies  in  testing  this  drug 
both  in  a  qualitative  and  quantitative  manner,  and  it  would  seem 
to  be  the  most  consistent  test  for  catechol  derivatives,  these  sub- 
stances being  primarily  vaso-constrictors.  Because  of  this  the  rela- 
tive pharmacological  action  of  the  compounds  already  mentioned 
will  first  be  considered  in  terms  of  rise  of  blood  pressure  and  all  sub- 
sequent results  by  other  methods  wall  be  referred  to  this  as  a  standard. 

One  of  the  first  difficulties  encountered  was  the  variation  in  the 
activity  of  adrenalin  found  upon  the  market.  In  order  to  ehminate 
this  factor  the  Hygienic  Laboratory  purchased  direct  from  a  manu- 
facturing firm  19.4  grams  of  natural  1-adrenalin  base.  This  they 
claimed  to  contain  15  grams  of  pure  adrenalin,  their  basis  for  calcu- 
lation being  that  incineration  left  22.6  per  cent  ash,  which,  as  will  be 
seen  later,  was  erroneously  inferred  to  represent  all  the  impurities 
present.  To  make  sure  of  a  good  preparation,  however,  the  sample 
was  repurified  by  Taveau,  chemist  in  the  Division  of  Pharmacology, 
who  has  done  so  nauch  valuable  work  in  synthesizing  compounds 
of   tliis  character   both   in   Abel's  lat)oratory  and  in  the    Division 
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of  Pliai'inuc()l()<j;y  of  tlio  Hygienic  ]jal)()rat<)iT.  IIo  ol)laiiu'(l  upon 
purifyiiiif  the  19.4  grams  of  adrenalin  5.5  grams  of  a  fine  crystalliiic 
ash-free  hase  of  unusual  physiological  activity  with  an  optical  ac- 
tivity of  ['t]D'*°=  —53.40°."  An  Additional  one-half  gram  of  prac- 
tically ash-free  base  made  a  total  of  6  grams.  There  was,  of  course, 
some  less  in  the  process  of  purifying,  hut  that  this  unusual  loss  was 
one  due  not  merely  to  chemical  manipulation  but  rather  to  the 
impuiities  eliminated  is  shown  by  physiological  testing.  The  original 
sample  was  checked  against  tlie  repurified  sample  and  shown  l)y  tlu^ 
blood-pressure  metliod  on  cats  to  l)e  oidy  one-half  to  one-thii-d  as 
active.  These  findings  were  eventually  confirmed  by  the  piiysiolo- 
gist  of  the  manufacturers. and  concurred  in  by  them,  as  is  evidenced 
by  their  voluntarily  sending  a  bill  for  6  insteatl  of  for  15  grams  of 
adrenalin  base. 

Having  secured  an  unusually  pure  sample  of  adrenalin  l)ase  to  l)e 
used  as  a  standard,  the  next  problem  was  to  find  an  anesthetic 
that  would  not  increase  the  secondary  depressing  action  of  adrenalin 
upon  the  heart  and  yet  maintain  a  constant  state  of  anesthesia.  ^Vn 
animal  in  order  to  yield  a  uniform  blood-pressure  record  must  of 
course  be  so  anesthetized  as  to  maintain  the  irritability  of  the  parts 
affected  by  the  drug  at  not  too  liigh  nor  too  low  a  thresliold  value, 
at  a  level  where  absence  of  pain  is  assured  and  yet  where  motor  tlis- 
turbances  are  removed. 

It  may  not  be  amiss  to  speak  for  a  moment  of  anesthetics  that 
under  certain  conditions  seem  to  fail  in  these  requirements,  them- 
selves bringing  about  results  which  at  first  glance  might  be  attributed 
to  the  effect  of  adrenalin  itself.  Anesthesia  from  urethane  and  clrloral, 
cliloretone,  and  paraldehyde  of  course  have  advantages,  but  the 
stomach  puts  beyond  the  control  of  the  operator  all  subsequent 
atljustment  of  the  degree  of  narcosis.  And  I  am  inclinetl  to  think 
that  in  the  latter  part  of  long  experiments  there  may  be  present  a 
condition  of  too  low  an  irritability,  so  that  small  doses  of  adrenalin 
at  first  effective  are  now  no  longer  so.  This  condition  seemed  to  be 
present  in  cats  anesthetized  with  urethane  chloral,  but  not  when 
under  light  ether  anesthesia.  According  to  Alexander-Lewin  ani- 
mals may  be  chloralized  to  the  extent  of  amiulling  all  action  of 
adrenalin  but  still  leaving  the  vaso-motor  apparatus  sensitive  to 
camphor.  It  is  reasonable  to  suppose  that  drugs  with  a  chloral-like 
action  upon  smooth  an  1  heart  muscle  even  in  doses  much  smaller 
than  used  by  Alexander-Lewin  might  so  depress  the  irritability  of 

a  The  optical  activity  of  this  preparation  was  determined  by  Mr.  Taveau  and  myself 
and  compares  very  well  with  the  best  measurements  that  have  ever  been  made,  viz, 
those  of  Korndorfer  (43)  made  for  Flacher.  Some  of  the  other  readings  given  in  liter- 
ature are  [«]„=  -32.G°  (Jowett),  [a]^-'°  =  -43°  (Pauly), -42.25°  (C'ushny),  ["]j,"° 
=  -.'S0.72°(Al)dorh;dd('ii  and  Guggenheim)  and  la]f,-^°=  —51.40°  (Korndorfer)  (43). 
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tho  vaso-consti'ictor  iiiusck-  as  to  rciuU'r  small  doses  of  adrenalin 
inefTec'tive.  So  it  may  not  he  far  wrong  to  attribute  the  loss  of  sensi- 
tiveness to  small  doses  of  adrenalin  in  cats  and  rahhits  to  a  loss  of 
irritability  in  the  more  advanced  stages  of  chloral  or  paraldehj^de 
anesthesia  instead  of  to  so-calhvl  ac(|uired  immunity  (tolerance).  May 
not  Cushny's  results  with  rabbits  have  been  of  this  nature'^  Hunt  not 
only  observed  no  loss  of  irritability  toward  small  doses  of  adrenalin 
but  secured  with  rabbits  some  of  his  best  results. 

i\iter  tr3'ing  different  anesthetics  it  was  found  that  ether  on  the 
whole  was  the  most  satisfactory,  and  so  it  was  used  in  all  of  my  later 
experiments.  As  is  well  known  the  chief  objection  to  this  anesthetic 
is  the  difficulty  of  maintaining  a  uniform  condition  of  anesthesia. 
But  this  is  practically  removed  by  using  a  modification  of  the  drop 
method  suggested  by  Porter.  In  this  way  even  cats,  proverbial  for 
their  vasomotor  "storms,"  yielded  results  that  were  very  consistent. 
On  the  whole  I  prefer  morphine  along  with  ether  for  dogs  and  ether 
alone  for  cats.  Wlien  working  with  small  doses  of  adrenalin  the 
best  results  are  assured  by  an  anesthesia  just  sufficient  to  maintain 
a  condition  of  unconsciousness  so  that  the  animal  has  no  pain,  with 
only  enough  curare  to  render  it  free  from  muscle  tremors.  The 
amount  of  curare  given  must  of  course  be  determined  by  experience, 
since  not  only  different  samples  vary  but  indivitlual  animals  also 
vary  to  a  certain  extent  in  their  reaction  to  this  drug.  Indeed  large 
doses  of  curare  should  be  avoided.  Being  a  depressant,  it  lov/ers 
the  blood  pressure  and  interferes  with  the  action  of  adrenalin,  often 
making  consistent  results  impossible,  even  with  dogs,  which  in  my 
experience  yield  the  most  reliable  results." 

In  all  the  later  experiments  the  injections  were  made  from  a 
standardized  1  c.  c.  syringe  graduated  in  five-hundredths  of  a  c.  c. 
The  cannulae  were  of  small  bore,  provided  with  very  short  connec- 
tions allowing  a  minimum  amount  of  dead  space.  There  was  one 
injection  set  for  eacli  of  the  two  solutions  to  be  compared  so  that  one 
solution  might  be  injected  into  the  right  and  the  other  into  tho  left 
saphenous  vein.  Wlien  constant  results  were  thus  obtained  the 
solution  formerly  used  for  the  left  vein  was  now  injected  as  a  check 
into  the  right  vein  from  the  right  injection  set  and  vice  versa. 

The  following  blood-pressure  tables  are  results  selected  as  typical 
from  21  animals  (cats  and  dogs).  Tables  I  to  VI  inclusive  represent 
in  a  general  way  the  relative  physiological  activity  of  synthetic 
dl-adrenalin  and  natural  l-adrenahn.  The  latter  of  these  compounds 
has  already  been  described.    The  synthetic  dl-adrenalin  manufactured 

aThis  animal  even  at  the  end  of  a  nine-hour  experiment  yielded  with  1  c.  c.  injec- 
tions of  a  1:100,000  adrenalin  solution  a  rise  of  I)lood  pressure  equivalent  to  that  from 
the  fir.<it  injections  of  thi.s  amount,  showing  in  no  case  a  diminished  sensitiveness  to 
1-natural  and  dl-synthetic  adrenalin  uidess  Iiki  much  ether  was  adniinislered. 
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by  Meister,  Luscius,  aiul  Briiiiinsi;  is  said  lo  1)0  a  iiietliyl-ainino-alcohol 
()r,in()rospeciiically,ortho-dioxy-plienyl-<'tlian<)l-inethyl-ainin<)-liydro- 
chloride  represented  by  the  formula 

OH 


H-C/      \C-OH 

I  I 


C^CH,XH(("H3)IIC1 


in 


It  is  a  fijie,  granular,  almost  white,  crystalline  powder,  easily 
soluble  in  water  or  normal  saline.  The  solution  decomposes  much 
more  readily  than  does  a  similar  solution  of  the  natural  1-adrenalin. 
It  turns  cherry-red,  later  brownish,  and  finally  deposits  a  brown 
precipitate,  whereupon  the  solution  loses  its  characteristic  color  and 
likewise  its  physiological  activity.  It  is  optically  inactive  and 
possesses  the  chemical  properties  generally  attributed  to  it. 

The  data  of  Table  I  show  distinctly  that  the  natural  1-adrenalin 
is  more  active  than  the  synthetic  dl-  since  ecjual  volumes  of  1 :  100,000 
of  the  two  solutions  result  in  rises  of  blood  pressure,  which  with  few 
exceptions  are  greater  for  the  natural  product  than  for  the  synthetic. 
Although  tlus  table  shows  only  a  few  results  with  1 :  100,000  solutions, 
a  great  number  of  similar  mjections  were  made  with  solutions  of 
them,  maintaining  the  ratio  1  1 : 1  dl,  but  varying  in  concentration  from 
1 :  5,000  to  1 :  200,000,  with  the  result  that  the  natural  base  nearly 
alwaj's  caused  the  greatest  rise  of  blood  pressure.  So  that  other  sets 
might  be  chosen  to  illustrate  the  same  point  as  does  Table  I.  If 
instead  of  the  effect  of  the  equal  volimie  of  solution  of  like  concentra- 
tion, a  comparison  is  made  of  the  equal  volume  of  solution  with 
twice  as  much  of  the  synthetic  dl-  substance  as  of  the  natural  1-,  the 
rise  of  blood  pressure  from  the  latter  is  nearly  always  less  than  that 
resulting  from  the  synthetic  dl-,  as  Table  II  will  show.  This  table 
serves  to  illustrate  results  with  solutions  of  higher  or  lower  concen- 
tration with  the  ratio  1  1  :  2  dl  maintained.  It  is  thus  evident  that 
with  the  ratio  1  :  1  the  natural  1-  is  too  strong  to  cause  like  rises  of 
blood  pressure,  with  the  ratio  1 :2  the  natural  1-  is  too  weak,  and  that 
the  right  ratio  lies  between  these  two.  With  a  gradual  increase  of 
the  concentration  of  the  weaker  or  a  decrease  of  the  stronger  a  ratio 
was  found  that  yielded  the  greatest  number  of  like  rises  of  blood 
pressure,  which  is  2  1 : 3  dl.  Tables  III  and  V,  respective^,  show  that 
a  1 :  60,000  solution  of  natural  1-  is  the  equivalent  of  a  1 :  40,000  solu- 
tion of  synthetic  til-adrenalin.     Table  IV  shows  that  like  rises  of 


lihind  prossuro  may  bo  ohtaintHi  with  cHiual  volunics  of  1  :;>(),()()0  and 
I :  _'(),()()()  solutions  of  natural  l-und  syntheticdl-adrenalin,  respectively. 
Table  VI  illustrates  the  same  thmg  for  cats. 

i  t  is  also  true  that  isolated  cases  might  be  chosen  to  show  that  both 
r>il)erfeld  and  Cushny  were  correct,  the  former  maintaining  that 
ihi'se  two  products  are  equal  in  activity,  the  latter  contending  that 
ilii'  synthetic  dl-product  has  only  one-half  the  activity  of  the  natural 
l).iso.  For  in  a  large  number  of  experiments  one  may  occasionally 
iil)tain  equal  rises  of  blood  pressure  when  comparing  1:50,000  of 
-\  lUhetic  dl-  with  1 :  100,000  natural  1-adrenalin  or  when  comparing 
dilutions  of  equivalent  concentrations.  But  there  is  no  such  agree- 
iiK-nt  after  successive  sets  of  rea<liags,  as  indicated  in  the  accom- 
panying tables  that  have  a  ratio  of  concentration  2:3,  instead  of  1 :1 
according  to  Biberfeld,  or  1:2  according  to  Cushnj'.  Cushny  is. 
however,  more  nearly  correct  than  Biberfeld,  and  his  experimental 
data,  though  inadequate,  carries  greater  weight  than  any  hitherto 
published.  Finally,  my  results  indicate  that  the  ratio  of  activity  of 
the  natural  1-base  and  the  sjmthetic  dl-product  are  to  each  other  as 
2:3.  These  results  are  in  accordance  with  my  first  determinations, 
made  before  the  publication  of  Cushny's  first  paper,  and  I  am  inclined 
to  think  them  more  nearly  correct  than  his,  which  made  the  ratio  1 :2. 

Table  I. —  The  relative  aclivity  of  natural  l-udrenalin  liase  and  si/nthctir  (!l-adrenalin 
hydrochloride  determined  by  blood  jiressure. 

Blood-pressure  experiment  No.  lli,  January  11,  1909. 

Dog,  7,t>G0  gm.  weight,  subcutaneous  injection  of  76.6  mg.  of  morphine  sulphate,  ether  anesthesia,  small 
doses  ofcurare  from  time  to  time.  Both  vagi  cut.  Artificial  respiration  of  warmed  air.  Solutions  injected 
into  femoral  veins.  Five  milligrams  of  adrenalin  base  dissolved  in  6  c.  c.  Ringer  11.50  a.  m.  Si.x  milli" 
grams  synthetic  dl-adrenaiin  hydrochloride  crystals  dissolved  in  5  c.  c.  Ringer  solution  11.5.')  a.  ni. 


Blood 

Blood 

pres- 
sure 
before. 

pres- 
sure 
after. 

M.m. 

M.m. 

104 

171 

104 

155 

106 

170 

10.'-) 

162 

97 

1.16 

93 

134 

106 

ICO 

106 

152 

104 

147 

104 

143 

104 

140 

105 

1,14 

blood 
pres- 


Natural  1-adrenalin  base 
Synthetic  dl-adrenalin . . 

Natural  1-adrenalin 

Synthetic  dl-adrenaliu. . 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. . 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. . 

Natural  1-adrenalin 

Synthetic  dl-adrenalin.. 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. . 


C.c. 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 


p.m. 
1.22 
1.24 
1.36 

i.:i3 


2..M 
2.31 
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From  tlio  above  data  it  will  he  ohsorvod  thai  tho  pure  adrenalin 
is  stronger  than  the  synthetic  dl-;  on  the  other  hand,  if  one  chooses 
such  dilutions  as  to  make  the  solutions  of  synthetic  twice  as  concen- 
trated (in  terms  of  base)  as  the  natural  adrenalin,  then  this  solu- 
tion, as  shown  by  the  following  tables,  is  the  stronger  of  the  two 
physiologically: 

Table  II.     (Sec  legend  to  Table  I.) 


Synthetic  dl-adrenalin. 
Natural  1-adrenalin . .  - , 
Synthetic  dl-adrenalin. 

Natural  1-adrenaiin 

Synthetic  dl-adrenalin. 

Natural  1-adrenalin 

S^'nthetic  dl-adrenalin. 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. 
Natural  l-adrenalin 


Curare 

Synthetic  dl-adrenalin. 
Natural  1-adrenalin 


Synthetic  dl-adrenalin. 

Natural  1-adrenaIin 

Synthetic  dl-adrenalin. 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. 
Natural  1-adrenalin 

Synthetic  dl-adrenalin. 
Natural  l-adrenalin 


Synthetic  dl-adrenalin. 
Natural  l-adrenalin 


Synthetic  dl-adrenalin. 
Natural  1-adrenalin 


Ringer. 


50,000 

100,000 

50,000 
100,000 

50,000 
100,000 

50,000 
100,000 

50,000 
100,000 


50,000 
100,000 

50,000 

100,000 
50,000 

100,000 
50,000 

100,000 
50,000 

100,000 
40,000 
80,000 
40,000 
80,000 

40,000 
80,000 


12.56 
12.59 


3.11 
3.15 


3.38 
3.41 


4.11 
4.15 
4.22 
4.19 


Blood 
pres- 
sure 

before. 


6.13 
6.12 


Blood 
pres- 
sure 

after. 


220 
214 


Rise 
of 
blood 
pres- 
sure. 


If  instead  of  the  concentrations  described  in  Tables  I  and  II  the 
ratio  2  of  synthetic  to  3  of  natural  be  used,  the  values  representing  the 
rises  in  blood  pressure  from  1  c.  c.  more  nearly  approximate  each 
other.  It  is  indeeil  remarkable  how  different  sets  of  readings  agree 
with  each  other,  how  constant  is  the  interval  required  for  recovery 
of  the  vasomoter  apparatus,  and  with  what  certainty  one  can  fore- 
cast the  height  to  which  the  blood  pressure  will  ascend  in  response 
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to  the  si'fDiid  inject idii  of  ii  i^ivcii  set.     Tlic  lullowing  tii))l('s  bring 
this  out  more  ricurlv: 


Table  III.     (See  legend  to  Table  I.) 


Synthetic  dl-adrenalin. . 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. . 

Natural  1-adrenalin 

SjTithetic  dl-adrenalin. . 

Curare 

Synthetic  dl-adrenalin . . 
Natural  1-adrenalin  base 
Synthetic  dl-adrenalin. . 
Natural  1-adrenalin 


C.c. 

40,000 

(iO.OOO 

40,000 

00,000 

40,000 


40,000 
00,000 
40,000 
00,000 


P.m. 
«.30 
(■>.  32 
0.41 
0.44 
t).  41) 


7.54 
7.50 


Blood 
pres- 
sure 

before. 


Blood 
pres- 


blood 
pres- 
sure. 


Table  IV.     (See  lejjend  tci  Table  I. 


Blood 
pres- 


Blood 
prcs- 


blood 
pres- 
sure. 


Synthetic  dl-adrenalin. . 

Natural  i-adrenaliu 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. . 

Natural  1-adrenalin 

Sj-nthetic  dl-adrenalin. , 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. . 

Natural  1-adrenalin 

Ciurare 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. 

Natural  1-adrenalin 

Synthetic  dl-adrenalin. 


C.c. 

20,000 

30,000 

30,000 

20,000 

30,000 

20,000 

.30,000 

20,000 

30,000 

.30,000 
20,000 

30,000 
20,000 

30,000 
20,000 


8.43 
8.4,5 

8.47 


Taule  V. 

Experiment  17,  January  12, 1909. 

Pregnant  cat,  weight  3,770  gin.,  <'llH'r  anesthesia,  curare.  Artificial  respiration  with  warm  air.  Kive 
milligrams  of  adrenalin  base  dissolved  in  llinger  solution  9  a.  m.  Six  milligrams  synthetic  dl-adrenalin 
hydrochloride  dissolved  in  5  c.  c.  Ringer  solution  10  a.  m.    Vagi  cut  1.12  p.  m.    Injection  into  femorals. 


Natural  l-adrenalin 

Synthetic  dl-adrenalin. 

Natural  l-adrenalin 

Synthetic  dl-adrenalin. 

Natural  l-adrenalin 

Synthetic  dl-adrenalin. 

Natural  l-adrenalin 

Syntheticdl-adrenalin. 

Vagi  cut 

Curare 

Natural  l-adrenalin ... 
Synthetic  dl-adrenalin. 

Natural  l-adrenalln 

Synthetic  dl-adrenalin. 

Natural  l-adrenalin 

Synthetic  dl-adrenalin. . 
Synthetic  dl-adrenalin.. 
Natural  l-adrenalin 


C.c. 

90,000 

60,000 

90,000 

(iO,000 

90,000 

00,000 

90,000 

60,000 


60,000 
40,000 
60,000 
40,000 

60,000 
40,000 
40,000 
60,000 


Blood 
pres- 
sure 
before. 


P.m. 
12.18 
12.19 
12.21 
12.23 
12.38 
12.41 
12.49 
12.57 

1.12 
1.21 
1.32 
1.34 
1.38 
1.42 
1.44 
1.40 
1.49 
1.57 


Blood 
pres- 
sure 

after. 


blood 
pres- 


Table  VI.     (See  legend  to  Table  V.) 


Injec- 
tion. 

Base. 

Ringer. 

Time 

of 
injec- 
tion. 

Blood 
pres- 
sure 
before. 

Blood 
pres- 
sure 
after. 

Rise 
of 
blood 
pres- 
sure. 

C.c. 

Gram. 

C.c. 

30,000 

20,000 

20,000 

30,000 

20,000 

P.m. 
3.12 
3.15 
3.29 
3.31 
3.33 

M.m. 
122 
122 
124 
120 
123 

M.m. 
156 
153 

148 
147 
149 

M.m. 

31 

31 

THE  RELATIVE  ACTIVITY  OF  ORTHO-DIOXY-PHENYL-ETHANOL-AMIN 
(AKTERENOL)  AND  NATURAL  L- ADRENALIN  DETERMINED  BY  BLOOD 
PRESSURE. 

Another  synthetic  product  of  interest  is  the  reduction  product  of 
amino-aceto-pyro-catechin,  (iioxy-phenyl-ethanol-amin.  The  chloride 
is  known  commercially  as  ;irtorenol  hydrocholride,  the  formula  of 
which  is  given  as — 

OH 

H-c/  \(VOH 

!  I 

n-C\     /C-ii 

/" 

c'H'ii/xii^nci 

I     - 
on 

It  is  a  fine,  granular,  odorless,  crystalline  pow'der,  easily  soluble 
in  w'ater  or  normal  saline.  The  deterioration  of  this  product  is  not 
Tery  evident,  since  there  does  not  accompany  it  distinct  coloration 
so  easily  noticed  in  adrenalin  solutions.  Just  how  rapid  this  process 
of  deterioration  is  has  not  been  determined,  but  it  certainly  is  an 
important  factor  in  determining  the  relative  value  of  the  substance. 
One  solution  received  for  purposes  of  testing  was  found  to  have  an 
activity  comparable  to  that  of  our  natural  1-adrenalin.  So  surprised 
was  I  to  note  this  that  the  balance  of  the  sample  was  preserved  for  a 
subserjuent  testing,  but  a  few  days  later  this  preparation  had  dete- 
riorated and  a  fresh  solution  had  to  be  made.  It  can  readily  be  seen 
that  to  the  physician  the  commercial  1:1,000  solution  may  prove 
very  disappointing  if  kept  for  subsequent  use  after  once  the  original 
package  has  been  opened.  The  fresh  solution,  however,  has  a 
remarkable  vaso-constrictor  action,  and  if  it  were  more  certain  in 
yielding  quantitative  results  throughout  entire  experiments,  it  would 
be  a  worthy  rival  of  natural  l-adrenalin  itself.  In  the  early  parts  of 
long  experiments  fairly  constant  results  may  be  obtained  with  small 
doses,  but  in  the  latter  parts,  or  after  larger  doses  (1  c.  c.  of  1 :  60,000 
or  over),  irregularities  seemed  to  appear  the  exact  meaning  of  which 
must  be  determined  later.  As  a  matter  of  fact,  the  following  tables 
represent  results  taken  from  the  beginning  of  experiments  only. 

Table  VIII  is  interesting,  since  it  shows  that  a  1  c.  c.  injection  of 
adrenalin  or  arterenol  in  1 :  100,000  solutions  causes  a  like  rise  of 
blood  pressure  (27-28  m.  m.)  and  for  1  c.  c.  injections  of  a  1:, "50,000 
solution  (38  m.  m.).  A  1:50,000  solution  of  arterenol,  however, 
is  unifonnly  moi-e  active  than  a  1 :  100,000  solution  of  natural  1-base. 
Finally,  consistent  results  are  obtained  by  comparing  the  two  sub- 
stances each  in  a  concentration  of  1 :  80,000  or  in  one  of  1 :  60,000. 


Tadle  VII. — Pliysioloi/ifdl  actlritij  «/  (irUniiol  hi/ilriirlilori/k 
l-nalural  adrenatin  base. 


ii/mjturiil  irilh   thai  of 


Blood  pressure  experiment  No.  21,  March  22,  1909. 

Female  bull  terrier,  weight  10.4  kilograms;  10.20  a.  m.  subcutaneous  Injection  of  100  milligrams  morphine 
sulphate.  Kther  anesthesia;  small  intravenous  injections  of  (-urare  from  time  to  time.  lioth  vagi  tied  ofT. 
Artificial  respiration  with  warmed  air.  Solutions  injected  into  saphenous  veins.  5  milligrams  specially 
pure  natural  1-adrenalin  base  dissolved  (10.35  a.  m.)ln  Sc.  c.  of  Ringer  solution  acidulated  with  calculated 
amount  of  IICl.  Si.x  milligrams  arterenol  hydrochloride  dissolved  in  5  c.  c.  Ringer  solution  11.50  a.  m. 
These  twosolutions  were  then  diluted  as  if  they  were  the  equivalents  of  a  1:1. 000 solution  of  the  base — that 
is,  1  c.  c.  of  either  one  of  these  stock  solutions  diluted  to  10  o.  c.  gave  a  1: 10,000  solution  (base). 


Natural  1-adrenalin  base. 
Arterenol  hydrochloride. 
Natural  i-adrenaiin  base. 
Arterenol  hydrochloride. 


Curare. . 


Natural  1-adrenalin  base. 
Arterenol  hydrochloride. 

Arterenol  hydrochloride. 
Natural  1-adrenalin  base. 
Arterenol  hydrochloride. 
Natural  1-adrenalin  base. 
Arterenol  hydrochloride. 

Curare 


Arterenol  hydrochloride. 
Natural  1-adrenalin  base. 


Time  of 
injec- 
tion. 


C.c. 

100,000 
100,000 
100,000 

100,000 


100,000 
100,000 

100,000 
100,000 
100,000 
100,000 
100,000 


100,000 
100,000 


p.m. 
12.05 
12.09 
12.14 
12.18 

12.21 

12.28 
12.31 

1.08 
1.12 
1.16 
1.20 


Blood 
pres- 
sure 

before. 

Blood 
pres- 
sure 

after. 

Rise  of 
blood 
pres- 
sure. 

M.m. 

M.m. 

M.m. 

127 

182 

55 

126 

182 

56 

127 

184 

57 

124 

179 

55 

130 

193 

63 

Table  VIII.     (See  legend  to  Table  V.) 


Time  of 
Injec- 
tion. 


Blood 

pres- 
sure 
before. 


Natural  1-adrenaIiu  base 
Arterenol  hydrochloride. 

Natural  I-adrenaiin  base 
Arterenol  hydrochloride. 
Natural  1-adrenalin  base 
Arterenol  hydrochloride. 

Arterenol  hydrochloride 
Natural  1-adrenalin  base 


C.c. 

80,000 

80,000 

100,000 
50,000 

100,000 
50,000 

60,000 
60,000 


p.m. 
6.16 
6.20 

7.24 
7.26 
7.30 
7.35 

7.39 
7.42 


THE  RELATIVE  ACTIVITY   OF  ETHYL-AMINO-ACETO-CATECHOL  AND   NAT- 
URAL L-ADRENALIN  AS  DETERMINED  BY  BLOOD   PRESSURE. 

A  substance  known  commercially  as  homorenon  hydrochloride 
was  the  last  one  tested.  This  is  the  hydrochloride  of  ethyl-amino- 
aceto-catechol  represented  by  flie  formula: 

on 


H-C 

I 

H-C 


C-OH 

I 
C-H 


COCH,,NH(C,H5)HCl 

It  is  a  white  ])owder  composed  of  fine  crystalline  needles,  easily 
soluble  in  normal  saline,  and,  so  far  as  I  have  been  able  to  deter- 
mine, keeps  much  better  than  any  of  the  products  already  men- 
tioned. Its  optical  activity  is  7iil.  As  a  vaso-constrictor  it  is 
inferior  to  all  of  the  other  substances  tested,  as  illustrated  in  Tables 
IX  and  X.  A  1  c.  c.  injection  of  a  1:160,000  solution  of  natural 
1-adrenalin  causes  a  rise  of  blood  pressure  which  with  a  like  volume 
of  homorenon  is  equaled  only  by  a  1 : 2,000  solution.  It  is  found 
that  alec,  injection  of  a  1 :  80,000  solution  of  adrenalin  base  causes 
the  same  ri.se  of  blood  pressure  as  a  1  c.  c.  injection  of  a  1 : 1 ,000 
solution  of  homorenon.  So  that  by  the  blood-pressure  method, 
natural  1-adrenalin  base  is  eighty  times  as  active  as  homorenon  base, 
the  base  being  calculated  from  the  foregoing  formula. 
Table  IX.— Physiological  aclivily  of  homoTenon  hydrochloride  comixtred  ivith  that  of 
l-natural  adrenalin  base. 

Blood-pressure  experiment  No.  20.    March  10,  1909. 

Female  fox  terrier,  weight  G.S  kilograms.  10.15  a.  m.  subcutaneous  injection  of  («  mg.  of  nuirpliiiu^  sul- 
phate. Ether  anesthesia,  small  intravenous  injections  of  curare  from  time  to  time.  Both  vagi  tied  olT. 
Artificial  respiration  of  warmed  air.    Solutions  injected  into  saphenous  veins. 

Five  milligrams  specially  pure  adrenalin  1-base  dissolved  10.23  a.  m.  in  5  c.  c.  of  Ringer  .solution,  acidu- 
lated with  the  calculated  amount  of  HCl. 

Six  milligrams  arterenol  hydrochloride  dissolved  li  p.  m.  in  ,i  c.  c.  Ringer  solution. 

118.0  mg.  homorenon  hydrochloride  dissolved  11.30  a.  m.  in  10  c.  c.  of  Ringer  .solution.  These  .sohiUons 
were  then  diluted  as  if  they  were  the  equivalents  of  a  1 : 1.000  solution  of  adrenalin  base. 


Natural  l-adrenalin  base 

Uoniorenon  hydrochloride 

Natural  1-adrcnalin  base 

Natural  1-adrenalin  base 

Homorenon  hydrochloride 

177— Bull.  55—09 3 


C.c. 

100,000 

2,000 

160,000 

100,000 

2,000 


Time  of 
injec- 
tion. 


P.  m. 
3.49 


Blood 
pres- 
sure 

before. 

Blood 

pres- 
sure 
after. 

M.m. 

M.m. 

180 

204 

178 

202 

177 

202 

100 

186 

150 

175 

Rise  of 
blood 
prcs- 
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Table  TX..— Physiological  aciivily  of  homorenon  hydrochloride  compared  with  thai  of 
l-nalural  adrenalin  base — Continued. 


Ringer. 


Time  of 
Injec 
.tlon. 


Blood 
pres- 
sure 
before. 


Blood 
pres- 
sure 

after. 


Rise  of 
blood 
pres- 
sure. 


Natural  1-adrenalin  base. . . 
Homorenon  hydrochloride. 
Natural  1-adrenalin  ba,se. . . 
Homorenon  hydrochloride. 
Natural  1-adrenalin  base... 
Homorenon  hydrochloride, 
Homorenon  hydrochloride. 


C.  c.  P.  m. 

160,000  4.31 

2,000 

160,000  I  5.15 

2,000  '  5.19 

1UO,000  5.22 

2,000  j  5.25 

2,000  5.32 


Table  X.    (See  legend  to  VI.) 


Injec- 
tion. 

Base. 

Ringer. 

Time  Of 
Injec- 
tion. 

Blood 
pres- 
sure 
before. 

Blood 
pres- 
sure 
after. 

Rise  of 
blood 
pres- 
sure. 

C.c. 

Gram. 

C.c. 
80,000 
1,000 
80,000 

P.m. 
1.57 
2.1 

5  9R 

M.m. 
138 
138 
IS8 
156 
166 
164 
162 
156 
160 
174 
170 

M.m. 
180 
180 
208 
205 
215 
200 
198 
193 
198 
228 
223 

M.m. 

42 

42 

50 

1,000       2.33 
80,000  !    2.  .39 

1,000,     2.56 
80,000  1    3.02 

1,000       3.04 
80,000       3.09 

49 

49 

36 

36 

37 

1 

38 

80,000 
1,000 

3.39 

Homorenon  hydrochloride 

53 

THE   RELATIVE    TOXICITY  OF  ORTHO-DIOXY-PHENYl-ETHANOL-METHYL- 

AMIN  I  NATURAL  L-  AND  SYNTHETIC  DL-ADRENALIN  i,  OF  ORTHO-DIOXY- 
PHENYL-ETHANOL-AMIN  i  'ARTERENOL" ),  AND  ETHYL-AMINO-DIOXY- 
ACETO-PHENON  ("HOMORENON')  AS  DETERMINED  UPON  MICE. 

It  is  conceivable  that  coefficients  of  pliysiological  activity  of  a 
series  of  closely  related  compounds,  when  determined  by  vasomotor 
effects,  may  be  so  arranged  as  to  express  one  ratio,  whereas  those 
determined  by  toxic  effects  when  similarly  arranged  may  express 
a  very  different  one.  That  is,  a  coefficient  determined  by  the 
blood-pressure  method  may  be  relatively  small  when  compared 
with  that  determined  by  the  dose  necessary  to  kill,  say,  more 
than  50  per  cent  of  the  animals  injected.  It  would  seem  that  a 
comparison  of  such  coefficients  determined  in  various  ways  might 
throw  additional  light  on  the  relative  safetj'  and  effectiveness  of 
adrenalin-like  bodies.  But  scarceh"  anything  has  been  published  from 
which  can  be  derived  the  coefficients  needed  in  making  the  above- 
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named  comparisons.  Hence,  witli  a  view  of  determining  tlie  relative 
toxicity  of  the  compounds  already  compared  b}^  the  l)iood-pressure 
method,  the  following  experiments  were  undertaken.  The  test  object 
chosen  is  the  ordinary  whit(>  mouse,  reared  in  our  own  mousery  under 
conditions  well  under  control.  As  a  rule  these  mice  when  placed  in 
intiividual  jars  on  a  diet  of  oats  and  water  lose  in  weight,  Ijut  after 
the  first  day,  upon  becoming  accustomed  to  their  new  surroundings, 
return  to  normal.  Generally  on  a  given  day  the  mice  were  brought 
into  the  preparation  room,  weighed,  and  on  the  second  day  weighed 
again,  whereupon  the  dose  was  calculated  and  unless  otherwise 
stated  the  solution  made  up  and  injected  at  once.  All  mice  were 
injected  tailward  underneath  the  skin  of  the  back.  The  .syringe 
used  was  calibrated  in  0.05  c.  c,  standardized,  and  fitted  at  first  with 
a  steel  needle.  Since  this  needle,  especially  if  tarnished,  decom- 
posed the  solutions,  a  platiniun-iridium  needle  was  substituted. 

The  phenomena  accompanying  subcutaneous  injections  of  this 
nature  may  be  summarized  as  follows:  Soon  after  being  released  the 
animal  seeks  a  corner  of  the  jar,  under  the  chaff,  or  at  once  stretches 
itself  lengthwise  upon  the  heWy  with  hind  feet  directed  backward 
and  planta  turned  upward.  The  favorite  position  is  to  lie  upon  the 
cool,  moist  oat  jar  with  head  downward,  breathing  at  first  very 
rapidly  and  later  more  or  less  irregularly.  In  this  stage  the  animal 
may  be  highly  excitable,  its  reflexes  being  probably  intensified  not 
only  by  the  injected  material  but  also  by  the  fear  aroused  by  the 
smarting  of  the  needle's  prick  and  by  fright  from  handling.  In  case 
the  dose  is  rather  large  the  bulbus  is  protruded,  and  the  glands  of 
the  eye  are  usually  stimulated  to  excessive  secretion. 

In  some  mice  thirty  to  sixty  mintues  after  injection  a  small  opales- 
cent "  disc  appears  in  the  eye.  This  later  becomes  opaque  white  and 
may  be  confined  to  only  one  or  extended  to  both  eyes.  The  phenom- 
enon seems  to  be  one  of  the  lens  and  resembles  cataract.  In  this 
respect  it  differs  from  the  opaquing  observed  in  the  eyes  of  frogs, 
for  in  the  latter  case  I  have  proved  that  the  initial  opaquing  is  duo  to 
coagulation  of  the  outer  membranes  of  the  bulbus  and  that  it  can  be 
removed  by  stripping  off  this  membrane,  whereupon  the  eye  becomes 
perfectly  clear.  In  the  eye  of  the  mouse  the  opaque  disc,  examined 
with  a  magnifying  glass,  seems  to  be  underneath  the  cornea,  of  the 
size  and  position  of  the  lens.  The  following  protocol  is  taken  from 
a  mouse  injected  with  arterenol  and  is  typical  of  the  cases  observed 
with  natural  1-  and  synthetic  dl-adrenalin : 

Mouse  324,  weight  22.22  gm.  March  15,  12.20  ]>.  in.,  injcrtcil  subciilanoniisly 
0.44  c.  c.  (0.88  mg.)  arterenol  hydrochloride. 

a  After  this  section  had  been  written  I  noticed  in  a  recent  arlicio  by  Einmert  a 
reference  to  his  observation  of  what  seems  to  be  a  similar  phcnoiiK^non. 
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12.26,  lies  flat,  rostless  from  time  to  time,  hind  leg  etretclied  out,  l)ul  when  touched 
is  jerked  away. 

12.30,  forced  breathing. 

12.33,  abundant  .salivation,  leg  still  sensitive,  but  control  of  hip  muscle  imperfect. 

12.37,  lies  flat;  does  not  move  when  tail  is  pinched;  feet  and  ]iv  Htill  Kcn.^ilive,  but 
reflex  not  so  rapid  as  before. 

1.34,  opaque  disc  in  center  of  left  eye. 

2.35,  opaque  disc  of  left  eye  much  larger,  opaque  disc  in  right  eye  al.so. 
March  16,  8.15  a.  m.     Both  eyes  cleared  up,  mouse  prostrated. 

March  17,  !)  a.  ni.     Mou.^e  ])ro,strated,  eye  clear,  breathing  shallow  and  slow. 
12.20,  found  dca<l. 

The  saliva  may  or  may  not  flow  abundantly,  but  when  it  tloes  the 
amount  is  so  great  as  to  drop  from  the  lower  jaw.  In  the  males 
erection  may  follow  and  even  be  accompanied  by  semination.  Should 
the  dose  be  lethal  the  earlier  stages  are  passed  through  quickly;  in 
general  the  animal  becomes  very  sluggish,  largely  on  account  of 
constriction  of  the  blood  vessels,  causing  ansemia  not  only  of  the 
muscles,  but  also  of  the  cord  and  brain.  Sometimes  animals  die 
very  suddenly  from  doses  that  seem  hardly  to  affect  other  individ- 
uals. I  am  inclined  to  think  that  in  such  cases  some  of  the  drug 
enters  a  vein.  Otherwise  there  does  not  occur  any  explanation, 
unless  it  be  due  to  heart  failure,  such  as  indeed  has  been  noted  in 
apparently  vigorous  human  beings  imder  the  influence  of  great  fear 
or  excitement.  When  spasms  result,  the  animal  usually  dies  in 
one  to  two  minutes;  only  one  out  of  over  four  hundred  recovered, 
and  this  one  died  at  the  end  of  four  or  five  days.  T^^ten  once  the 
lethal  dose  is  exceeded  death  becomes  more  violent,  accompanied 
by  spasms  of  ver}'  sliort  tluration. 

TOXICITY    OF    NATURAL    L-ADRENALIN. 

Judging  from  the  remarkable  activit}'  of  the  natural  1-adrenalin  in 
causing  vaso-constriction,  it  w"as  presumed  that  the  lethal  subcuta- 
neous dose  would  be  small.  The  experimental  data  of  Table  I  justi- 
fies this  presumption,  for  0.008  mg.  per  gram  mouse  is  usually  fatal. 
Certain  mice  may  die  from  doses  as  small  as  0.004  mg.  per  gram,  but 
this  is  the  exception,  whereas  others  may  survive  as  much  as  0.017 
mg.  per  gram,  which  is  likewise  unusual.  Perhaps  a  greater  num- 
ber of  experiments  might  reveal  certain  cases  of  even  greater  resist- 
ance, but  in  spite  of  these  exceptions,  as  seen  in  Table  XI,  it  may  be 
said  that  0.008  is  the  lethal  dose  for  the  average  mouse. 
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Table  XI. —  Toxicity  of  pure  natural  l-adrenalin. 


Mg.  base 
per  gm.& 


Body 

weight. 


Injected. 


43. 


0.0005 

0.00075 

0.001 

O.QOl 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.004 

.•» I    0.004 

40 '    0.004 

M !     0.004 

0.004 


73. 


0.008 
0.008 
0.008 
0.0O8 
0.008 
0.008 
0.008 
0.008 
0.008 

0.  ons 

0.008 
0.008 
0.008 
0.010 
0.010 
0.010 
0.010 
O.OIQ 
0.010 
0.010 
0.-010 
0.010 
'  Mice  not  marked  ' 


0.004 
0.004 
0.005 
0.006 
0.006 
0.006 
0.006 
0.006 
0.006 
0.006 
0.006 
0.008 


Orams. 
16.45 
19.28 
16. 62 
20.92 
18.23 
20.92 
21.21 
12.20 
16.52 
20.40 
18.  52 
17.89 
19.77 
17.33 
15.80 
17.74 
20.00 
16.14 
13.62 
20.05 
14.54 
17.28 
12.41 
17.77 
16.55 
13.07 
18.15 
15.98 
20. 51 
20.50 
16.00 
16.30 
18.27 
16.65 
13.  79 
19.39 


13.61 
13.78 
14.84 
12.66 
17.24 
13.04 
20.28 
19.04 
16. 51 
13.00 
14.55 
18.04 


0.008 
0.014 
0.017 
0.021 
0.030 
0.042 
0.042 
0.024 
0.033 
0.040 
0.074 
0.071 
0.079 
0.069 
0.063 
0.071 
0.080 
0.081 
0.082 
0.120 
0.087 
0.103 
0.074 
0.107 
0.099 
0.078 
0.145 
0.128 
0.164 
0.164 
0.128 
0.130 
0.146 
0.133 
0.110 
0.160 
0.120 
0.110 
0.110 
0.120 
0.127 
0.170 
0.130 
0.203 
0.190 
0.165 
0.130 
0.150 
0.180 


C.c. 
0.04 
0.07 
0.08 
0.10 
0.07 
0.22 
0.21 
0.02 
0.03 
0.04 
0.08 
0.15 
0.42 
0.35 
0.063 
0.07 
0.08 
0.41 
0.41 
0.12 
0.09 
0.10 
0.07 
0.11 
0.10 
0.08 
0.16 
0.14 
0.16 
0.16 
0.13 
0.13 
0.15 
0.13 
0.11 
0. 1« 
0.12 
0.11 
0.11 
0.12 
0.13 
0.17 
0.13 
0.20 
0.19 
0.10 
0.13 
0.15 
0.18 


Dec. 


iO,  4.4S  p.  m. 
.  11.35  a.  m. 


Dec.  3,  9.28  a.  m.. 
Dec.  3,  9..32a.  m.. 
Dec.  3,  9..33  a.  m.. 
Dec.  4,  9.28  a.  m.. 
Dec.  2,  9.29  a.  m.. 
Dec.  3,9.37  a.m.. 
Dec.  4,9.26  a.m.. 
Dec.  5,  3.08  a.  m.. 
Dec.  7,  9.40  a.  m.. 
Dec.  7,  2.01  p.  m.. 
Nov.  30,  4..34  p.  m 
Dec.  2,9.34  a.m.. 
Dec.  3,9.39  a.m.. 
Dec.  4,9.28  a.m.. 
Dec.  5,  9.11  a.  m.. 
Dec.  7,9.43  a.m.. 
Dec.  7,  2.05  p.m.. 
Dec.  4,  9.32  a.  m.. 
Dec.  4,  9.34  a.  m.. 
Dec.  5,9.13  a.m.. 
Dec.  7,  9.45  a.  m.. 
Dec.  7,  2.07  p.  m.. 
Dec.  9,  5.21  p.  m.. 
Jan.  4,  2.52  p.  m... 
Jan.  4,  2.55  p.  m.., 

Jan.  4,  3.08  p.  m I 

Nov.  30,  4.37  p.  m }  Nov.  30,  4.«  p.  m, 

Dec.  2,  12.34  p.  m. 

Dec.  5,  10  p.  m. 

Dee.  7,  6  to  7  p.  m 


Jan.  5,  12.15  a.  m.     (W.) 


Dec.  9.  8  p. 


(W.) 


Dec.  2,  9.19  a.  m 

Dec.  5,  9.16  a.  m 

Dec.  7,  9.48  a.  m 

Dec.  7,  2.10  p.  m 

Dec.  9,  5.23  p.  m 

Jan.  4,  2..53p.  m 

Jan.  4,  3.03  p.  m 

Jan.  4,  3.10  p.  m 

Jan.  9,  3.07  p.  m 

Jan.  9,  3.13  p.  m 

Jan.  9,  4..54p.  m 

Jan.  9,  5.01  p.  m 

Jan.  9,  5.10  p.  m 

Dec.  5,  9.19  a.  m 

Dec.  7,9.50  a.  m 

Dec.  7,  2.12  p.  m 

Dec.  9,  5.25  p.  in 

Jan.  4,  2.65  p.  m 

Jan.  4,  3.05  p.  m 

Jan.  4,  3.13  p.  m 

Jan.  9,  3.00  p.  m 

Jan.  9,  3.03  p.  m 

'  were  observed  by  the  author  to  die  at  lime  noted. 
Ii  These  figures  are  only  approximate.    The  actual  dose  is  in  the  eolumu  "total  milligrams  injected." 
VV.  Time  noted  by  watohmun. 


Jan.  9,  3.20  p.  m. 

Jan.  10,  10.30  a.  m. 

(W.) 

Jan.  10,  4.:!0  a.  m. 

(W.) 

Jan.  10,  10.30  a.  m. 

(W.) 

Jan.  10, 3.,30  a.  m. 

(W.) 

Dec.  5,  4.20  p.  m. 

Jan.  7,  2.26  p.  m. 

Jan.  I-.,  Il.n.5a.  m. 

Jan.  0.  12.45  a.  m. 

(W.) 

Jan.  10,  12.55  p.  m 

(W.) 

Jan.  9,  3.22  p.  m. 
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Table  XI.  —  Toxicity  of  pure  jiatural  l-adrenalin-  -Coulinucd. 


Mg.  base 
per  gm. 

Body 
weight. 

Orams. 

0.010 

12.73 

0.010 

13.58 

0.010 

15.44 

0.010 

13.72 

0.010 

15.77 

0.012 

13.74 

0.012 

14.80 

0.012 

19.83 

0.012 

17.80 

0.012 

13.04 

0.012 

12.11 

0.012 

13.22 

0.013 

15.77 

0.013 

13.43 

0.014 

16.78 

0.0147 

18.27 

0.017 

18.20 

0.017 

17.09 

0.017 

20.18 

0.017 

17.94 

0.0218 

16.75 

0.0218 

21.52 

0.022 

17.97 

0.026 

12.38 

0.035 

14.40 

0.035 

19.26 

Total. 

Mg. 

C.c. 

0.130 

0.13 

0.140 

0.14 

0.150 

0.15 

0.140 

0.14 

0.160 

0.16 

0.165 

0.16 

0.180 

0.18 

0.240 

0.24 

0.210 

0.21 

0.140 

0.14 

0.140 

0.14 

0.140 

0.14 

0.210 

0.21 

0.180 

0.18 

0.230 

0.23 

0.270 

0.27 

0.318 

0.32 

0.298 

0.30 

0.350 

0.35 

0.300 

0.30 

0.370 

0.37 

0.470 

0.47 

0.410 

0.41 

0.320 

0.32 

0.500 

0.50 

0.590 

0.59 

Jan.  9,  3.09  p.  m 

Jan.  9,  3.15  p.  m 

Jan.  9,  4.57  p.  m 

Jan.  9,  5.05  p.  m 

Jan.  9,  5.12  p.  m 

Dec.  9,  5.27  p.  m 

Jan.  9,  3.05  p.  ra 

Jan.  9,  3.12  p.  m 

Jan.  9,  3.19  p.  m 

Jan.  9,  4.59  p.  m 

Jan.  9,  5.07  p.  m 

Jan.  9,  5.15  p.  m 

Nov.  30,  4.40  p.  m 

Dec.  2,  9.21  a.  m 

Dec.  9,  5.29  p.m 

Nov.28 

Nov.  23, 1.18  p.m 

Nov.23 

Nov.  28,  3.18p.m.... 

Nov.  30,  4.43  p.  m 

Nov.  30,  4.47  p.  m 

Nov.28,  3.22  p.m 

Dec.  2,9.23  a.  m 

Nov.23,  10.54a.  m... 
Nov.  25,  11.23  p.m... 
Nov.28,  p.  m 


Jan. 
Jan. 
Jan. 
Dec. 

Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Dec. 
Dec. 
Dec. 
Nov. 

Nov. 
Nov. 
Nov. 
Dec. 
Nov. 
Dec. 
Nov. 
Nov. 
Nov. 


10,  3..30a.  m.    (W.) 
10,5.14  p.m. 
9,  5.28  p.  m. 
9,6.30  p.m.    (W.) 

12,8  a.m.    (W.) 
9,  3.35  p.m. 
9,  5.11  p.  m. 
9,  5.26  p.  m. 

9,  5.22  p.  m. 
1,9  p.m.    (F.) 
2,  11  a.  m. 

10,  12.15  a.  m. 
28,4.40  p.m.    (W.) 

25,  10  p.  m. 
28,  3.29  p.  m. 
30,  4.55  p.  m. 
1,1.45  a.m.    (W.) 
28,6.30  p.m.    (W.) 
2,  9.28  a.  m. 
27,1.50  a.m.    (F.) 
26,6  p.m.    (F.)   , 
30,8.55  p.m.    (F.) 


F.  Found  dead  at  time  noted. 
W.  Time  noted  by  watchman. 

In  order  to  avoid  errors  from  deterioration  the  solutions  were  usually  made  up  just 
before  using,  5  mgs.  of  the  base  having  been  weighed  up  and  dissolved  in  5  c.  c.  of  Ringer 
solution.  The  solvent  was  acidified  with  hydrochloric  acid  slightly  in  excess  of 
the  amount  necessary  to  transform  the  adrenalin  into  the  chloride.  If  more  specific 
information  is  desired  as  to  the  age  of  a  solution  at  the  time  of  any  given  injection  it 
is  easily  obtained  by  the  aid  of  the  following  data  in  conjunction  with  the  time  of 
the  injection  given  in  the  tables: 

Mice  Nos.  12,  13,  14,  15,  16,  solution  made  up  about  9  a.  m.  November  27,  1908. 

Mice  Nos.  42  to  46,  inclusive,  solution  made  up  about  11  a.  m.  December  2,  1908. 

Mice  Nos.  52  to  56,  inclusive,  solution  made  up  about  9  a.  m.  December  4,  1908,  and 
diluted  to  1:5,000. 

Mice  Nos.  62  to  66,  inclusive,  the  solution  was  made  up  between  9  and  11  a.  m. 
December  4,  1908. 

Mice  Nos.  72  to  76,  inclusive,  the  solution  was  made  up  11.50  a.  m.  December  5, 1908. 

Mice  Nos.  72,  73,  74,  75,  and  76  had  been  injected  with  0.008,  0.014,  0.017,  0.044, 
and  0.085  mg.  of  adrenalin,  respectively. 

Mice  Nos.  82,  83,  84,  85,  and  86,  solution  made  up  11.50  a.  m.  December  5.  These 
mice  had  been  injected  on  December  4  with  0.021,  0.042,  0.069,  0.081,  and  0.082  mg. 
of  adrenalin,  respectively. 

Nos.  112  to  116,  inclusive,  solution  made  up  11.30  a.  m.  December  9. 

Nos.  152  to  160,  inclusive,  solution  made  up  about  2.30  p.  m.  January  4,  1909. 

Nos.  215  to  232,  inclusive,  solution  made  up  between  2  and  3  p.  m.  January  9. 
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TOXICITY    OF    SYNTHETIC    DL-ADRENAMN. 

Tf  instead  of  natural  1-atlrenalin  synthetic  dl-adrenalinhydrochloride 
he  used  the  symptoms  of  toxicity  are  practically  the  same  as  those 
described  for  adrenalin.  There  is,  however,  greater  irregularity  in 
I  he  results.  In  exceptional  cases  0.006  to  0.008  nig.  per  gram 
mouse  may  cause  death.  (Table  XII.)  By  increasing  the  size  of 
t  he  initial  dose  the  number  of  deaths  likewise  becomes  larger,  so  that 
injections  of  0.012  mg.  may  result  in  a  death  rate  even  as  high  as 
does  one  of  0.020  mg.  per  gram  body  weight.  The  lethal  dose, 
therefore,  may  be  said  to  be  from  0.012  to  0.016  mg.  per  gram. 
This  would  make  the  iv^tural  product  1.5  to  2  times  as  toxic  as  the 
synthetic.  It  is  interesting  to  observe  that  the  toxicity  of  the  two 
substances  is  in  direct  proportion  to  their  vaso-constrictor  action  as 
measured  by  the  blood-pressure  method. 

Table  XII. — Toxicity  of  synthetic  dl-adrenatin  hydrochloride. 


Mg.  base 
pergm.l" 

Body 
weight. 

Grams. 

0.002 

15.48 

0.002 

26.57 

0.002 

25.27 

0.004 

14.44 

0.004 

23.24 

0.004 

17.43 

0.006 

15.22 

0.006 

23.50 

0.006 

23.00 

0.006 

13.56 

0.006 

11.77 

0.006 

12.97 

0.006 

13.34 

0.006 

14.72 

0.008 

17.24 

0.008 

24.21 

0.008 

24.24 

0  008 

20.46 

0.008 

16.15 

0.008 

15.39 

0.008 

13.84 

0.010 

15.87 

0.010 

22.46 

0.010 

19.37 

0.010 

15.45 

0.010 

11.80 

0.010 

17.38 

0.053 
0.05 
0.06 
0.092 
0.069 
0.091 
0.141 
0.138 
O.OSl 
0.070 
0.077 


0.138 
0.194 
0.194 
0.  163 
0.  130 
0.123 
0.110 
0.159 
0.225 
0.193 
0.  154 
0.118 
0.173 


a  Mice  not  marked  "  W"  or 
'^  Tliese  figures  are  only  approxi 

W.  Time  noted  by  watchman. 
F.  Found  dead  at  time  noted. 


C.c. 

0.03  Dec.  9,  9.45  a.  m.. 

0.05  Dec.  10,  3.43  p.  m. 

0.05  Dec.  10,  3.56  p.  m. 

0.06  Dec.  9,  9.48  a.  m.. 

0.09  Dec.  10,  3.45  p.m. 

0.07  Dec.  10,  3.58  p.m. 

0.09  Dec.  9,  9.51  a.  m.. 

0.14  Dec.  10, 3.48  p.m. 

0.14  Dec.  10,  3.59  p.m. 

0.08  Mar.  15,  3.10  p.  m. 

0.07  Mar.  15,  3.11  p.  m. 

0.07  Mar.  15,  3.12  p.  m. 

0.08  Mar.  15,  3.14  p.  m. 

0.08  Mar.  15,  3.16  p.  m. 

0.14  Dec.  9,  9.53  a.  m.. 

0.19  Dec.  10,  3.60  p.  m. 

0. 19  Dec.  10,  4.01  p.  m. 

0.10  Mar.  15,  3.18  p.  m. 

0.13  Mar.  15,  3.20  p.  m. 

0. 12  Mar.  15,  3.22  p.  m . 

0. 11  Mar.  15,  3.24  p.  m . 

0.16  Dec.  9,  9.56  a.  m.. 

0.22  Dec.  10,  3.53  p.m. 

0.19  Deo.  10,  4.03  p.  m. 

0.15  Mar.  15,  3.34  p.  m. 

0.12  Mar.  15,  3.35  p.m. 

0.17  Mar.  15,  3.37  p.  m Mar.  111.  S  ii.  m.  (F.). 

were  observed  by  the  author  to  die  at  the  tinu'  noted, 
mate.    The  actual  doso  is  In  column  •■Total  niillignuns  iiijectud.' 


Mar.  15,  3.32  p.  m. 


Dec.  10,  12  m. 


Mar.  15,  5.30  p.  m.  (F.). 


Dec.  10,  12.15  a.  m.  (VV.). 
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Table  XII. —  Toriciiy  of  synthetic  dl-adreuulin  hydrochloride — Continued. 


Mg.  base 
per  gin. 

Body 
weight. 

Orams. 

0.010 

12.26 

0.010 

18.47 

0.012 

iao9 

0.012 

15.11 

0.012 

15.18 

0.012 

14.55 

0.012 

10.20 

0.  012 

15.15 

0.012 

18.00 

0.012 

13.62 

0.012 

13.49 

0.012 

15.80 

0.012 

20.24 

0.016 

19.91 

O.OIG 

15.92 

0.016 

15.35 

0.016 

14.35 

0.016 

21.54 

0.016 

14.08 

0.020 

21.37 

0.020 

17.85 

0.020 

15.54 

0.020 

17.63 

0.020 

19.30 

0.020 

12.54 

Injected. 


To 

lal. 

Mg. 

a  c. 

0.122 

0.12 

0.184 

0.18 

0.217 

0.22 

0.181 

0.18 

0.182 

0.18 

0.174 

0.17 

0.194 

0.19 

0.181 

0.18 

0.180 

0.18 

0.136 

0.13 

0.135 

0.13 

0.1.58 

0.15 

0.202 

0.20 

0.319 

0.32 

0.255 

0.25 

0.246 

0.25 

0.230 

0.23 

0.345 

0.34 

0.225 

0.23  1 

0.427 

0.43 

0.357 

0.36 

0.311 

0.31 

0.350 

0.35  1 

0.386 

0.39 

0.250 

0.25 

15,  3..39I).  m. 

15,  3.40  p.  m . 
4,  3.25  p.  m. . . 
4.  3.35  p.  m... 
4,  3.40  p.  m... 
8,  11.29  a.  m.. 
8,  11.44  a.  m.. 
8,  11.52  a.m.. 

15,  3.42  p.  m. 

15,  3.44  p.m. 

15.3.46  p.m. 

15.3.47  p.m. 

15.3.48  p.m. 
4,  3.28  p.  m... 
4,  3.36  p.  m... 
4,  3.44  p.  m... 
8,  11.40  a.  m.. 

8,  11.48  a.  m I  Jan 

8,  12.05,  p.  m I  Jan 

4,  3.32  p.  m... 

4,  3.38  p.  m I  Jan 

4,  3.47  p.  m. 

8,  11.42  a.  m I  Jan 

8,  11.50  a.  m |  Jan 

8,  12.07  p.  m 


M.ir.  17,  1.15  a.  m. 


Jan. 


6,  2.30  p.  m. 
5,12.15  a.m.  (W.). 


9,  1.30  a.m.  (W.). 
10, 10.30  a.  m.  (W.). 


5,  1.30  a.m.  (W.). 

6,  10.05  a.  m. 

10,  10.30  a.  m.  (W.). 
8,  4.50p.m.  (F.). 
10,  10.30  a.  m.  (W.). 

5,  12.15  a.  m.  (W.). 

8,  4.50  p.  m.  (F.). 
9,2.30  a.m.  (W.). 


W.  Time  noted  by  watchman. 
F.  Found  dead  at  time  noted. 

Note.— Concentration  of  the  solutions  made  from  synthetic  dl-adrenalin  hydrochloride  crystals  and  th 
time  of  mixing  them  are  as  follows: 
Nos.  102  to  lot),  inclusive,  6  mg.  crystals  in  5  c.  c.  Ringer  solution  about  9  a.  m.  December  9,  1908. 
Nos.  142  to  lol,  inclusive,  6  mg.  crystals  dissolved  in  5  c.  c.  of  Ringer  solution  just  before  using. 
Nos.  liil  to  169,  inclusive,  6mg.  crystals  dissolved  in  oc.  c.  of  Ringer  solution  about  3  p.  m.  January  4, 190^ 

TOXICITY  OF  ARTERENOL  HYDROCHLORIDE. 

Arterenol  (see  Table  XIII)  iliffers  from  natural  1-  and  synthetic  dl 
products  in  two  essentials;  (1)  it  is  far  less  toxic,  and  (2)  it  is,  as  saic 
before,  more  variable  in  its  action.  If  the  animal  can  survive  thi 
first  tremendous  strain  upon  the  organism,  it  has  greater  chances  o 
recovery  from  arterenol  than  from  doses  of  adrenalin  causing  a  cor 
responding  degree  of  prostration.  If  the  animal  is  again  injectei 
after  recovery  from  sublethal  doses,  the  resulting  prostration  is  as  . 
rule  correspondingly  less  severe,  and  doses  that  are  usually  lethal  n^ 
longer  proved  to  be  so.  This  is  illustrated  by  mice  in  groups  (a)  and  (b 
(Table  XIII) .  In  the  one  case  0.040  mg.  and  in  the  other  0.080  mg.  pe 
gram  mouse  is  with  one  exception  in  each  group  successfully  resistec 
Wlictiier  or  not  this  is  a  case  of  ac([uired  tolerance  or  whether  it  is 
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mero  aociiliMit  that  those  <jr()ui)s  !ir('  made  up  of  unusually  resistant 
mice,  is  dillieult  to  say.  A  greater  number  of  experiments  will  have  to 
be  made  to  decide  positively.  Nevertheless,  the  blank  spaces  in  the 
la.st  column  of  the  table  indicate  a  resistance  to  the  second  dose 
and  is  very  suggestive  of  the  itlea  that  the  first  injections  are  a 
determining  factor  in  making  this  resistance  po.ssible. 

At  any  rate,  it  is  Wghly  important  in  experiments  of  this  nature  that 
only  the  results  obtained  with  fresh  mice  be  compared  with  each  other. 
When  this  is  done  it  will  be  observed  (Table  XIII)  that  as  small  a 
dose  as  0.008  mg.  per  gram  bodj'  weight  may  cause  death;  on  the 
other  hand,  even  three  times  this  dose  kills  only  1  mouse  out  of  14. 
The  dose  must  be  0.040  mg.  per  gram  mouse  before  any  appreciable 
number  die,  though  not  a  few  mice  ma}^  survive  a  dose  as  large  as 
0.080  mg.  per  gram.  It  is  then  safe  to  say  that  the  lethal  dose  for 
the  average  mou.se  is  about  0.040  mg.  per  gram  body  weight.  If  the 
lethal  dose  be  placed  at  0.040  mg.  per  gram,  then  natural  1-adrenalin 
is  five  times  as  toxic  as  arterenol . 

Table  XIII. —  Toxicity  of  arkrmol  hydrochloride. 


Number  of 

Mg.  base 
per  gm.i> 

Body 

Injected. 

Died. 

mouse.o 

weight. 

Total. 

Time. 

67                

0.004 
0.004 
0.008 
0.008 
0.012 
0.012 
0.012 
0.012 
0.012 
0.012 
0.016 
0.016 
0.016 
0.016 
0.016 
0.016 
0.020 
0.020 
0.020 
0.020 
0.020 
0.024 
0.024 
A  024 
0.024 

Grams. 
14.24 
15.43 
16.50 
18.34 
19.19 
17.26 
16.23 
14.47 
19.77 
16.87 
17.20 
19.94 
17.18 
18.77 
18.90 
14.54 
10.56 
14.80 
16.30 
15.92 
15.92 
19.13 
15.63 
13.62 
13.32 

Mg. 
0.057 
0.061 
0.132 
0.146 
0.240 
0.207 
0.195 
0.173 
0.237 
0.200 
0.275 
0.318 
0.275 
0.300 
0.302 
0.233 
0.211 
0.290 
0.320 
0.318 
0.318 
0.459 
0.370 
0.330 
0.320 

C.c. 
0.06 
0.06 
0.13 
0.15 
0.24 
0.21 
0.20 
0.17 
0.24 
0.20 
0.27 
0.32 
0.27 
0.30 
0.30 
0.23 
0.21 
0.30 
O.-'iS 
0.32 
0.,'i2 
0.46 
0.37 
0.33 
0.32 

107 

68 

108 

69 

109 

117 

Dec.  9,5.36p.m 

179 

182 

185 

70 

Dec.  5,  9.34  a.  m 

Dec.  9,  9..')0a.  m 

Dec.  9.  5..38p.  m 

110     .... 

Dec.  11,  9.40  a.  m.  (F.). 

118 

Dec.  9,  .'i.43  p.  m. 

ISO 

183 

Jan.  5           

186 

Jan.  5                

111 

119 

Dec.  9,  5.40  p.  m 

181 

184 

187 

Jan. 5                       

120 

Dec.  9,  5.43  p.  ni 

Dec.  12. 

197 

200 

203 

Jan.  8,  1.55  p.  m 

a  Mice  not  marked 

^  These  figures  are  only 

F.  Found  deiicl  at  time 


"  were 
approximate. 


ol)servcd  by  the  author  to  dio  at  the  time  noted. 

The  actual  dose  is  in  colunui  "  Total  Mgs.  or  ('.  c.  Inje 
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Tahle  XIII. —  Toxicity  of  urterenol  hi/drochloride — Continued. 


Mg.  base 
per  gm. 

Body 
weight. 

Injected. 

Died. 

Total. 

1 
Time. 

0.024 
0.024 
0.024 
0.024 
0.024 
0.024 
0.024 
0.028 
0.024 
0.024 
0.032 
0.032 
0.032 
0.032 
0.  032 
0.032 
0.032 
0.032 
0.032 
0.030 
0.030 
0.030 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 

Grams. 

15.01 
16.48 
17.37 
14.06 
15.17 
18.21 
13.51 
14.43 
1.5.72 
18.78 
17.60 
12.88 
20.23 
15.25 
13.75 
16.60 
13.40 
17.59 
14.14 
21.06 
16.21 
19.84 
18.12 
19.20 
13.04 
13.67 
15.58 
17.44 
17.87 
20.12 
19.52 
15.02 
14.48 
15.39 
12.45 
14.07 
13.60 
14.21 
17.90 
lfi.45 
14.17 
14.78 
12.87 
15.38 
13.  45 
14.94 
13.  54 
11.48 
12.63 
12.26 

0.360 
0.400 
0.420 
0.330 
0.360 
0.430 
0.320 
0.404 
0.380 
0.450 
0.590 
0.410 
0.650 
0.490 
0.440 
0.530 
0.430 
0.590 
0.45 
0.63 
0.48 
0.59 
0.72 
0.77 
0.52 
0.54 
0.62 
0.70 
0,72 
0.80 
0.78 
0.60 
0.58 
0.61 
0.49 
0.56 
0.54 
0.57 
0.71 
0.66 
0.56 
0.59 
0.51 
0.61 
0.53 
0.60 
0.55 
0.46 
0.50 
0.49 

C.c. 

0.36 

0.40 

0.42 

0.16 

0.18 

0.21 

0.32 

0.40 

0.38 

0.46 

0.59 

0.41 

0.65 

0.49 

0.44 

0.53 

0.43 

0.59 

0.45 

0.31 

0.24 

0.29 

0.72 

0.77 

0.52 

0.54 

0.62 

0.70 

0.72 

0.40 

0.36 

0.30 

0.29 

0.30 

0.49 

0.56 

0.54 

0.57 

0.35 

0.66 

0.50 

0.59 

0.51 

0.61 

0.53 

0.60 

0.55 

0.40 

0.50 

0.49 

Jan.  9, 1.56  p.  m 

Jan.  9.  2.4  p.  m 

Jan.  20,  6.56  p.  m 

Jan.  20,  7.2  p.  m 

Jan.  20,  7.11  p.  m 

Jan.  8,  12.37  p.  m 

Dec.  9, 5.45  p.  ni 

Jan.  8, 12.54  p.  m 

Jan.  8, 12.44  p.  m 

Jan.  8, 12.47  p.  in 

Jan.  8, 12.56  p.  in 

Jan.  8, 1.27  p.  m 

Jan.  8, 1.33  p.  m 

Jan.  8, 1.58  p.  m 

Jan.  9, 1.53  p.  m 

Jan.  9, 1.  58  p.  m 

Jan.  8, 12.39  p.  m 

Jan.  9,  2.6  p.  m 

Jan.  20,  6.58  p.  m 

Jan.  20,  7.6  p.  m 

Jan.  20,  7.13  p.  m 

Jan.  8, 1.28  p.  m 

Jan.  8, 1.54  p.  m 

Jan.  8, 1.59  p.  m 

Jan.  12,  4.4  p.  m 

Jan.  9, 1.55  p.  m 

Jan.  9, 2p.  m 

Jan.  9,  2.8  p.  m 

Jan.  20,  6.7  p.  m 

Jan.  20,  6.15  p.  m 

Jan.  20,  6.24  p.  m 

Jan.  20,  7p.  m 

Jan.  20,  7.9p.  m 

Jan.  12 

Jan. 12 

Jan. 12 

185a 

182a 

183a             

Jan.  11,1.45  a.  m.(\V.). 

186a    . 

198               .   .. 

Jan.  9,  9.40  a.  in.  (F.). 

201 

204 

Jan.  9, 12.50  a.  m.  (W.). 

207 

Jan.  10, 12.15  a.  m.  (W.). 

210 

213 

Jan.  20,  7.8  p.  m. 

318 

Jan.  22,  4.30  p.  m. 

321       

Jan.22,9a.  m.  (W.). 

199 

Jan.  9  (?),  10.45  a.  m. 

202                

Jan.  11. 10.30  a.m.  (\V.). 

205        

203a 

Jan.  12,  4.15  p.  m. 

208                .   .. 

Jan.  11, 12.10  a.  m.  (\V.). 

211 

Jan.  11,3  p.m.  (W.). 

214 

Jan.  10, 10.30  a.  m.  (W.). 

305 

Jan.  20,  6.12  p.  m. 

308 

Jan.  20,  6.31  p.  m. 

311 

316 

Jan.  20,  7.7  p.  m. 

319 

197a 

Jan.  12 

322 

Jan.  20,  7.15  p.  m 

Jan.  8, 12.42  p.  m 

Jan.  8, 12.52  p.  m 

Jan.  8, 12.58  p.  m 

Jan. 12 

Jan.  21,  7.55  p.m.  (F.). 

181a 

184a 

187a 

Jan. 12 

Jan. 12 

212a 

Jan. 12 

213a 

Jan. 12 

217a 

Jan. 12 

Jan. 12 

222a 

Jan. 12 

F.  Found  dead  at  time  noted. 
W.  Time  noted  by  watchmen. 
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Table  XIII. — Toxicity  ofarterenol  hydrochloride — Continued. 


Mg.  base 
pergm. 


Body 
weight. 


Injected. 


0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.100 
0.100 
0.100 
0.100 
0.100 


Orama. 
14.35 
18.16 
16.90 
18.39 
15.06 
16.35 
13.57 
15.21 
15.85 
22.22 
19.89 
15.39 
13.92 
14.53 
13.60 
14.51 
17.44 
23.06 
19.03 
21.37 
16.54 
19.07 
20.23 
21.68 
12.85 
13.62 
15.62 
13.09 
12.09 
12.89 
14.85 
16.14 
15.50 
12.96 
21.85 
18.11 
13.68 
11.81 
14.45 
13. 16 
18.56 
12.02 
13.01 


Mg. 
0.56 
0.72 
0.67 
0.73 
0.60 
0.65 
0.57 
0.61 
0.63 
0.88 
0.80 
0.01 
0.55 
0.87 
0.84 
0.87 
1.05 


0.99 
1.14 
1.21 
1.30 
1.02 
1.09 
1.25 
1.05 
0.96 
1.03 
1.19 
1.28 
1.24 
1.03 
1.74 
1.44 
1.09 
0.94 
1.44 
1.31 
1.85 
1.20 
1.30 


C.  c. 
0.56 


0.73 
0.60 
0.65 
0.57 
0.61 
0.31 
0.44 
0.40 
0.30 
0.27 
0.43 
0.42 
0.43 
0.52 
0.69 
0.57 
0.64 
0.49 
0.57 
0.60 
0.65 
0.54 
0.54 
0.62 
0.52 
0.48 
0.51 
0.59 
0.64 
0.62 
0.51 
0.87 
0.72 
0.54 
0.47 
0.72 
0.65 
0.92 
0.60 
0.65 


,  12.18  p.m. 
,  12.20  p.m. 
,  12.23  p.m. 
,12.25  p.m. 


11.1  p 
11.3  p 
11.5  p 
6.11  p 
6.18  p. 


6.27  p, 
,12.33  p.m.. 
,  12.40  p.m., 
,  12.42  p.  m. 
,12.44  p.m.. 
,  12.45  p.m.. 


.  11.14 p.  m.. 
,11.11p.m.. 
,  11.24  p.  m.. 
,  11.27  p.m.. 
,11.29  p.m.. 
,6.13  p.m... 
,6.20  p.m... 
,6.31p.m... 
),  12.54  p.m. 
i,  12.57  p.m. 
i,  12.59  p.m. 
i,  1.10  p.m.. 
i,  1.6  p.m... 
i,  1.8  p.m... 
1,1.10  p.m.. 
1,1.13  p.m.. 
),  1.14p.  m.. 
i,  1.17  p.  m.. 


17,  6.45  a.  III.  (W.). 
17,  12.20  p.  in.  (F.). 


Mar.  16,  6  a.  m.  (W.). 


20,  6.21  p.  m. 
20,  7.14  p.  m. 
23.  8  p.  m. 
16,3.30  p.m.  (F.). 

17,  1.15  a.m.  (W.). 
17, 1.15  a.  m.(\V.). 
15,  1  p.  m. 


Jan.  17, 11.30  a.  m.  (W.). 


15,  1.12  p.  111. 
20,  8  a.  111.  (W.) . 
19,  9.30  a.  m.  (W.). 
19,9.30  a.  m.  (W.). 

16,  1.1  p.  m. 

17,  9  a.  111.  (F.). 

15,  3.30  p.  m.  (F.). 
15,1.30  p.m.  (F.). 
16,6  a.  m.  (W.). 


W .  Time  noted  l)y  watchman. 
F.  Fomid  dead  at  time  noted. 

PROTOCOLS   TO    EXPERIMENTS    OF   TABLE   XIII. 

It  is  important  in  making  comparative  studies  that  the  experimental  animal  be 
healthy  and  free  from  the  effects  of  previous  injections  and  that  the;  drugs  employed 
show  no  signs  of  deterioration.     Since  some  of  the  animals  in  Table  XIII   were 
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injected  more  than  once  and  some  of  the  BolutionH  were  not  uped  iinmediat<;ly,  the 
following  data  is  inserted  to  show  this: 

Mice  Nos.  67  to  70,  inclusive,  5  mg.  arterenol  hydrochloride  crystals  dissolved  in 
5  c.  c.  Ringer  solution  between  9  and  1.1  a.  m.  December  4,  1908. 

Nos.  67,  68,  69,  and  70  were  previou-ily  injected  November  30  with  0.22,  0.28,  0.42, 
and  0.61  mg.,  respectively,  of  homorenon  hydrochloride. 

Mice  Nos.  107  to  111,  inclusive,  6  mg.  arterenol  hydrochloride  dissolved  in  .')  <■.  r. 
Ringer  solution  9  a.  m.  December  9. 

Nos.  117  to  121,  inclusive,  6  mg.  arterenol  hydrochloride  dissolved  in  5  c.  c.  Ringer 
solution  11.30  a.  m.  December  9. 

Nos.  179,  180,  181,  182,  183,  184,  185,  186,  and  187,  6  mg.  arterenol  hydrochloride 
dissolved  in  5  c.  c.  Ringer  January  5  just  before  injecting;  179a,  180a,  I81a,  182a,  and 
183a  injected  with  a  solution  made  up  3  p.  m.  January  7,  for  blood-pressure  experi- 
ment on  January  7,  whereas  184a,  185a,  and  186a  were  injected  with  a  solution  made 
up  in  the  same  way  12.49,  January  8. 

Nos.  197,  198,  199,  200,  and  202,  6  mg.  arterenol  hydrochloride  dissolved  in  5 
c.  c.  Ringer,  12.49  p.  m.  January  8,  1909;  203,  204,  and  205  similar  solution  made  up 
1.50  p.  m.  January  8;  197b,  200b,  201b,  and  205b  injected  with  a  solution  containing 
12  mg.  arterenol  crystals  dissolved  in  5  c.  c.  Ringer,  10.57  p.  m.  January  16. 

Nos.  206,  207,  208,  209,  210,  211,  212,  213,  and  214,  6  mg.  arterenol  hydrochloride 
crystals  dissolved  in  5  c.  c.  Ringer  1.30  p.  m.  January  9,  1909;  206a,  209a,  210a,  212a, 
and  213a,  6  mg.  crystals  per  5  c.  c.  dissolved  3.53  p.  m.  January  12. 

Nos.  206b,  209b,  210b,  212b,  and  213b,  12  mg.  arterenol  HCl  dissolved  in  5  c.  c. 
Ringer  10.57  p.  m.  January  16. 

Nos.  217b,  219b,  and  222b,  12  mg.  arterenol  hydrochloride  crystals  dissolved  in  5  c.  c. 
Ringer  10.57  p.  m.  January  16. 

Nos.  233,  234,  235,  236,  237,  238,  239,  240,  and  241,  respectively,  injected  January  5 
with  0.17,  0.30,  0.33,  0.24,  0.30,  0.32,  0.20,  0.23,  and  0.32  mg.  of  arterenol  hydro- 
chloride and  with  the  same  drug  again  on  January  8  with  0.32,  0.59,  0.66,  0.45,  0.59, 
0.56,  0.38,  0.41,  and  0.59  mg.,  respectively. 

TOXICITY   OF   HOMORENON    HYDROCHLORIDE. 

It  has  been  shown  that  it  requires  eighty  times  as  much  homorenon 
to  produce  the  same  rise  of  blood  pressure  in  the  dog  as  is  caused 
by  the  same  amount  of  natural  1-adrenalin.  If  the  relative  toxicity 
of  this  compound  as  compared  with  1-adrenalin  were  in  direct  pro- 
portion to  the  relative  vaso-constrictor  action,  then  the  lethal  dose 
of  homorenon  ought  to  be  0.640  mg.  per  gram  mouse,  and  as  a  matter 
of  fact  the  lethal  dose  is  somewhere  between  0.568  and  0.711  mg. 
per  gram  mouse.  It  is  true  that  a  smaller  dose  than  this  some- 
times kills  and  very  rarely  a  mouse  may  survive  as  large  a  dose 
as  0.994  mg.  per  gram.  But  anything  above  0.568  mg.  so  often 
kills  that  one  is  safe  in  saying  that  the  lethal  dose  is  slightly  more 
than  0.568  and  a  little  less  than  0.711  mg.  per  gram  body  weight. 
According  to  Table  XIV,  then,  the  natural  1-adrenalin  is  from  eighty 
to  eighty-eight  times  as  toxic  as  ethyl-amino-aceto-catechol,  com- 
mercially known  as  homorenon. 
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Tablk  XIV. —  Toxicity  o/homorenon  hydrochloride. 


Mg.  base 
per  gm.'i 


0.237 
0. 237 
0.255 
0.255 
0.200 
0.284 
0.284 
0.284 
0.284 
0.296 
0.347 
0.356 
0.356 
0.426 
0.426 
0.426 
0  426 
0.426 
0.426 
0  426 
0  426 
0  427 
0  427 
0  427 
0.427 
0  427 
0  427 
0  427 
0427 
0  427 
0.430 
0  430 
O430 
O430 
0  430 
0  430 
O430 
0  430 
0  434 
0  474 
0.474 
0.518 
0.568 
0.568 
0  568 
0  568 
0  568 
0  568 


Body 

weight. 


Orams. 
13.71 
17.92 
21.42 
18.83 
12.50 
20  34 
13.31 
21.15 
15.32 
20  89 
18.28 
14.70 
22.32 
19.32 
21.91 
10.97 
17.24 
12.33 
21.94 
18.90 
18.52 
14.30 
17.30 
22.78 
18.57 
19.13 
16.94 
15.05 
15.63 
16.36 
14.92 
19.02 
16.79 
15.04 
18  52 
15.02 
13.43 
15.83 
15.10 
19.30 
14  20 
.17. 16 
14.22 
21.71 
13.46 
13.74 
12.36 
20  88 


Injected. 


Total. 

Mg. 

C.c. 

3.25 

0.32 

4.24 

0.21 

5.46 

0  25 

8.40 

0.48 

3.25 

016 

5.77 

0  28 

3.78 

O07 

6.00 

0  12 

4.30 

O08 

6.18 

0  62 

6.35 

0  31 

5.23 

0  52 

7.94 

0  39 

8.23 

0  41 

9.33 

0  46 

7.23 

0  36 

7.35 

0  36 

5.50 

0.27 

9.34 

0.18 

&00 

0  16 

7.80 

0.15 

6.15 

0  12 

7.38 

0.14 

9.73 

0.19 

7.93 

0.16 

a  17 

016 

7.23 

0  14 

6.40 

0  13 

6.70 

013 

6.98 

014 

6.40 

013 

a  17 

016 

7.18 

014 

6.45 

013 

7.95 

016 

6.45 

013 

5.76 

Oil 

6.79 

013 

6.55 

0  32 

9.14 

0  45 

6.73 

0  33 

8.89 

0  40 

a  07 

O40 

12.32 

0  61 

7.66 

0  38 

7.81 

0  39 

7.02 

0  35 

11.86 

0  23 

Dec.  4,  9.7  a.  m 

Dec.  7,  11.24  a.  m.. 
Dec.  2,  8.49  a.  ni... 
Dec.  3,9.18  a.  m... 
Dec.  7,  2,20 p.  m.., 
Dec.  7,  3,44  p,  m.. 
Jan.  20,  4.39  p.  m.. 
Jan,  20,  4.46  p,  m.. 
Jan.  20,  4.53  p.  m . . 
Dec.  4,9.10  a.  m... 
Dec.  7,  2.24  p.  m . . 
Dec.  4,  9.14  a.  m... 
Dec.  7,  11.26  a.  m.. 
Dec.  7,  3.46 p,  m.. 
Dec.  10,  2.11  p.  m., 
Dec.  10,  2.24  p,  m., 
Dec.  10,  2.40  p.  m.. 
Dec.  10,  2.55  p.  m . , 
Jan.  20.  4.41  p.  m.. 
Jan,  20,  4.48  p.  m.. 
Jan.  20,  4,55  p.  m.. 
Jan.  16,  3.50  p.  m . . 
Jan.  16,  3.5Sp.  m.. 
Jan.  16,  4.5 p.  m... 
Jan.  16,  9.49  p.  m.. 
Jan.  16,  10 p,  m... 
Jan.  16, 106  p.  m.. 
Jan.  20,  3. 8  p.  m . . 
Jan.  20,  3.23  p,  ra.. 

Jan.  20,  3.29  p.  m 

Jan.  16,  11.46  p.  m 

Jan.  16,  11.49  p.  m '  Jan,  10,  II. is  p.  ni, 

Jan.  16,  11.50  p.  ra 

Jan.  16,  11.52  p.  m 

Jan.  16,  11. 64  p  m i  Jan.  17,  11.30  a.  m.  (W.). 

i 
Jan,  16,  11.66  p,  m ' 

Jan.  16,  11.58  p,  m. 


Jan.  23,  8  a.  ra.  (W.). 


Dec.  10  (F.). 


Jan.  22.  4  p.  m.  (F.). 


Jan.  16,  :n.l4p,  m. 
Jan,  16,  11,30  p.  111. 


.Tan.  20,  3,39  p.  m. 
Jan.  24.  3.36  p.  ra. 


Jan.  16,  12.1  p.  ra.. 
Dec.  7,  2.26  p.  m . . 
Dec.  7,  11.29  a.m.. 
Dec.  8,  9.42  a.  ra... 
Dec.  2,  9.7  a.  ra  — 
Dec.  7,  3.60 p.  ra.. 
Dec.  10,  2.14  p.  m. 
Dec.  10,  2.27  p.  m. 
Dec.  10, 2.42  p.  ra. 
Dec.  10,  2.58  p.  m. 
Jan.  16,  3.15 p.  ni.. 


Jan.  17,  4  p.  in.  (W.). 


a  Mice  not  marked  "Wor  "F"  were  observed  liy  the  autlior  to  die  at  tho  tirai' noted. 
6  Tills  coluran  approximate  dose  only;  actual  dose  in  ''total  rag.  and  c.  c.  columns." 
W.  Time  noted  l)y  watchman. 
F.  Found  dead  at  time  noted. 
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Table  XIV. — Toxicity  of  homorenon  hydrochloride— Continued. 


Mg.  base 

Body 
weight. 

pergm. 

Orams. 

0.568 

18.20 

0.568 

20  66 

0.568 

20.06 

0.  568 

21.64 

0.  568 

19.76 

0.  5«8 

19.60 

0.  568 

17.84 

0.568 

19.22 

0.568 

17.  S3 

0.568 

18.35 

0.  508 

19.08 

0.568 

14.20 

0.568 

17.13 

0.583 

14.73 

0.593 

17.62 

0.593 

14.12 

0.711 

17.05 

0.710 

17.07 

0.710 

12.  97 

0.710 

20.10 

0.710 

18.11 

0.711 

19.05 

0.711 

23.  65 

0.711 

19.09 

0.711 

19.80 

0.711 

25.00 

0.711 

22.58 

0.711 

19.47 

0  711 

15.59 

0.711 

19.80 

0.711 

15.13 

0.711 

18.56 

0.711 

16.86 

0.777 

19.47 

0.830 

13.26 

0.852 

16.37 

0.852 

18.28 

0.852 

19.37 

0.852 

17.55 

0.853 

12.  S9 

0.853 

12.  57 

0.853 

14.37 

0.853 

20.05 

0.853 

22.60 

0.853 

18.05 

0.853 

19.17 

0.853 

14.71 

0.949 

14.14 

0.994 

12.15 

0.994 

15.73 

0.  994 

14.11 

Injected. 


Mg. 
10  37 
11.74 
11.40 
12.27 
11.22 
11.13 
10.47 
10.91 
10.1 
10.4 
10  78 
8.00 


10.44 
8.37 
12.12 
12.11 
9.21 
14.27 
12.86 
13.53 
16.79 
13.56 
14.05 
17.75 

laoa 

13.84 
11.08 
14.07 
10.7 
13.20 
12.00 
15.13 
11.01 
13.95 
15.57 
16.50 
14.95 
10  99 
12.38 
12.  26 
17.04 
19.21 
15.34 
16.29 
12.50 
13.42 
12.  08 
15.  64 
14.02 

F.  1' 


Jan.  16,  3.30  p.  m... 
Jan.  16,  3.40 p.  lu... 
Jan.  16,  3.51  p.  m... 
Jan.  16,  3.59  p.  m... 
Jan.  16,  4.8 p.  ni.... 
Jan.  16,  9.56 p.  m... 
Jan.  16,  10. 12 p.  ni.. 
Jan.  16,  10.8 p.  m... 
Jan.  20,  3.25  p.  m... 
Jan.  20,3.31  p.  in... 
Jan.  20,  4.44  p.  m... 
Jan.  20,  4.49  p.  ni... 
Jan.  20,  4.57  p.  m... 
Jan.  20,  3.12  p.  ra... 
Dec.  7,  11.32  a.  m... 
Dec.  8,  9.45  a.  ra.... 
Dec.  8,  9.47  a.m.... 
Deo.  10,  2.17  p.  m.. 
Dec.  10,  2.31  p.  m.. 
Dec.  10,  2.45 p.  m.. 

Dec.  10,  3p.  m 

Jan.  16,  3.17  p.  m... 
Jan.  16,  3.38  p.  m... 
Jan.  16,  3.44  p.  m... 
Jan.  16,  3.54  p.  ra... 
Jan.  16,  4.3 p.  ra.... 
Jan.  16,  4.10 p.  m... 
Jan.  16,  9.58 p.  m... 
Jan.  16,  10.4  p.  m... 
Jan.  16,  10.10 p.  m.. 
Jan.  20,3.21  p.  m... 
Jan.  20,  3.26 p.  ni... 
Jan.  20,  3.35  p.  m... 

Dec.  2,  9.5  a.  m 

Dec.  8,9.60  a.  m 

Dec.  10,  2. 19  p.  m . . . 
Dec.  10,  2.33  p.  m... 
Dee.  10,  2.48 p.  m... 

Dec.  10,  3.3  p.  m 

Jan.  5,  3  p.  m 

Jan.  5,  3.6  p.  ra 

Jan.  5,  3.14  p.  ra 

Jan.  16,  1.26  p.  ra 

Jan.  16,  1.34 p.  ra.... 
Jan.  16,3.19  p.m.... 
Jan.  16,  3.39  p.  ra.... 
Jan.  16,  3.46  p.  m.... 

Dec.  8,  9.53  a.  ra 

Dec.  10,  2.22 p.  m... 
Dec.  10,  2.36  p.  m... 
Dec.  10.  2.50  p.  m... 
I  dead  at  time  noted. 


16,  3.55  p.  m. 
16,  3.47  p.  m. 


Jan.  16,  4.15  p.  ra. 


Jan 

Ifi 

10.21  r 

.  m 

Jan. 

20 

3.49  p 

ra. 

Jan. 

20 

3.  .57  p. 

m. 

Jan. 

20 

5  p.  m 

Jan. 

20 

.5.20  p 

m. 

Jan. 

20 

3.57  p. 

m. 

Dec 

7, 

12.5  p. 

m. 

Jan 

16 

3.52  p. 

m. 

(F.) 

Jan 

16 

4.10  p. 

ra. 

(F.) 

Jan 

16 

4.7  p.  ra. 

Jan. 

16 

4.20  p. 

ra. 

Jan. 

16 

11.30  p 

.  m 

Jan. 

16 

10.16  p 

m 

Jan. 

16 

10.21  p 

m 

Jan. 

20 

3.47  p. 

m. 

Jan. 

20 

3.61  p. 

m. 

Dec 

2, 

10.25  a. 

m. 

Dec 

10,  3.35  p.  ra. 

Jan. 

5,  3.29  p.  m. 

Jan. 

5,  3.31  p.  m. 

Jan. 

16,1.45  p.m. 

Jan. 

16,  1.57  p.  m. 

Jan. 

16,  4  p.  m. 

Jan. 

16,  4.12  p.m. 

Jan. 

16,  4  p.  m. 

Deo 

8,  11  a.  m. 

Dec 

10,  3.35  p.  m. 

Dec 

10,  3.15  p.  m. 
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Table  XIV. — Toxicity  of  homorenon  hydrochloride — Continued. 


Mg.  base 
pergm. 

Body 
weight. 

Injected. 

Died. 

mouse. 

Total. 

Time. 

141          

0.994 
0.994 

Grams. 
19.43 
14  .iin 

Mg. 
19.31 
14.41 
13.12 
13.68 
20.52 
22.33 

iai2 

20.21 
23.80 
19.53 
14.78 
17.20 
20.11 
25.31 

C.c. 
0.96 
0.28 
0.26 
0.28 
0.41 
0.44 
0.36 
0.92 
0.48 
0.38 
0.30 
0.34 
0.40 
0.50 

Dec.  10,  3.30  p.  m. 
Jan.  5,  3.20  p.  m. 
Jan.  5,  3.31  p.  m. 
Jan.  5,  3.38  p.  m. 
Jan.  16, 1.28  p.  m. 
Jan.  16,  1.39  p.  m. 
Jan.  16, 1.55  p.  m. 
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Jan.  5,  3.2  p.  m 

Jan.  5,  3.9  p.  m 

Jan.  5,  3. 15  p.  m 

Jan.  16,  1.21  p.m... 
Jan.  16,  1.27  p.m... 
Jan.  16,1.36  p.m... 

0.  994       13.  20 

0.944 
0.994 
0.994 
0.994 
1.038 
1.137 
1.137 
1.137 
1.137 
1.137 
1.137 

13.76 
20.64 
22.59 
18.31 
19.47 
20.93 
17.00 
13.42 
15.22 
17.78 
22.37 

243     

246        

249 

41 

Jan.  5,  3.4p.  m 

Jan.  5.  3. 10 p.  m.... 

247             

Jan.  16,  1.29  p.  m... 

250 

PROTOCOLS  TO  EXPERIMENTS  OP  TABLE  XIV. 

The  solutions  of  homorenon  hydrochloride  used  in  the  different  toxicity  experiments 
were  made  up  as  follows: 

Nos.  37  to  41,  inclusive,  66  mg.  homorenon  hydrochloride  crystals  dissolved  in  3  c.  c. 
of  Ringer  solution  about  8.30  a.  m.  December  2. 

Nos.  47  to51,  inclusive,  20  mg.  of  crystals  dissolved  in  2  c.  c.  of  Ringer  sulutiun  ;ih(jut 
9  a.  m.  December  3. 

Nos.  57  to61,  inclusive,  25  mg.  crj'stals  dissolved  in  2.5  c.  c.  of  Ringer  solution  11  a.  m. 
December  7. 

Nos.  87,  88,  89,  90,  and  91  injected  December  4  with  0.89,  1.90,  3.25,  6.18,  and  5.23 
mg.,  respectively,  of  homorenon,  and  92,  93,  94,  95,  and  96  were  each,  respectively, 
injected  on  December  2  with  0.038  mg.  of  adrenalin,  0.125,  0.225,  0.518,  and  1.45  mg. 
homorenon. 

Nos.  97  to  101,  inclusive,  20  mg.  crystals  dissolved  in  1  c.  c.  of  Ringer  solution. 

Nos.  122  to  141,  inclusive,  20  mg.  per  1  c.  c.  of  Ringer  solution  made  up  2  p.  m. 
December  10. 

Nos.  122,  123,  124,  125,  and  126  had  been  injected  with  0.021,  0.042,  0.069,  0.081, 
and  0.082  mg.,  respectively,  of  adrenalin  base  December  4,  and  again  on  December  7 
with  0.040,  0.080,  0.103,  0.128,  and  0.130  mg.,  respectively,  of  the  same  drug. 

Nos.  127,  128,  129,  130,  and  131  were  injected  December  4  with  0.890,  1.90,  3.25, 
6.18,  and  5.23  mg.,  respectively,  of  homorenon,  and  again  on  December  7  with  1.33, 
2.25,  3.25,  6.35,  and  6.55  mg.,  respectively,  of  the  same  drug. 

No.  132  was  injected  December  2  with  0.038  mg.  of  adrenalin  base  and  on  December 
7  with  2.48  mg.  homorenon.  No.  133  on  December  4  and  7,  respectively,  with  0.890  and 
2.48  mg.  of  homorenon,  while  Nos.  134, 135,  and  136  were  each  injected  on  December  2 
with  0.125,  0.225,  and  0.518  mg.,  respectively,  of  homorenon,  and  again  on  December 
7  with  5.77,  8.23,  and  8.07  mg.,  respectively,  of  the  same  drug. 

Finally  mice  Nos.  139, 140,  and  141,  respectively,  had  been  injected  on  December  3 
with  0.554,  0.876,  and  2.688  mg.,  and  again  on  the  7th  of  December  with  2.08,  4.24,  and 
9.14  mg.  of  homorenon. 

Nos.  170  to  178,  inclusive,  250  mg.  of  homorenon  hydrochloride  crystals  dissolved  in 
5  c.  c.  of  Ringer,  about  2.45  p.  m.  January  5,  1909. 
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Nos.  242  to  250,  inclusivo,  and  2()7  and  208,  250  mg.  of  crystals  disnolved  in  5  c.  c. 
Ringer  solution  about  1  p.  m.  January  l(i. 

Nos.  251  to  266  and  269  to  286,  inclusive,  250  mg.  of  crystals  dissolved  in  5  c.  c. 
Ringer  solution  3  p.  m.  January  16  for  each  set  of  nine. 

Nos.  287  to  304,  inclusive,  250  mg.  of  crystals  dissolved  in  5  c.  c.  Ring"r  solution  2.30 
p.  m.  January  20,  1909. 

MEASUREMENT   OF    MYDRIASIS    IN    THE    FKOg's    EXCISED    BULBUS." 

As  is  well  known  the  dilator  niechanisni  of  the  frog's  eye  is  quite 
sensitive  to  adrenalin  and  not  a  little  emphasis  has  been  laid  upon 
the  delicacy  with  which  it  reacts  to  minute  traces  of  this  and  certain 
other  derivatives  of  the  catechol  group.  Because  of  this  mydriatic 
action,  the  apparent  simplicity  of  the  technique  involved,  and  the 
availability  of  experimental  animals,  the  enucleated  eye  of  the  frog 
seems  to  furnish  a  suitable  method  for  standardizing  adrenalin 
solutions. 

Meltzer  was  the  first  to  call  attention  to  tliis  method  and  nearly  a 
year  later  Ehrmann,  acting  upon  Meltzer's  suggestion,  j)ublished 
some  very  interesting  experiments  with  the  excised  frog's  eye.  In 
Ehrmann's  suggestive  paper  it  is  not  onl}'  shown  that  adrenalin  solu- 
tions of  different  concentration  call  forth  vaiying  degrees  of  mydriasis, 
but  it  leads  one  to  suppose  that  the  enucleated  frog's  eye  is  sensitive 
to  such  minute  quantities  of  adrenalin  as  may  occur  in  the  blood  drawn 
from  the  vena  cava.  Taking  advantage  of  the  sensitiveness  of  the 
frog's  eye  he  also  uses  this  method  as  a  means  for  demonstrating  the 
activity  of  adrenalin  still  in  the  blood  of  injected  animals  bled  imme- 
diately after  the  fall  of  blood  pressure  that  invariably  follows  the  initial 
effect  of  this  drug.*"  Just  how  reliable  these  conclusions  are  remains 
to  be  decided  by  future  experiments.  Cameron,  in  his  paper  on  methods 
of  standardizing  suprarenal  preparations,  states  that  the  method  is  not 
only  tedious  but  very  unreliable,  since  frogs  vary  in  their  response  to 
adrenalin. 

Various  factors  do  influence  the  reaction  of  the  iris  to  adrenalin. 
Perhaps  the  most  important  ones  are:  (1)  Conditions  that  interfere 
with  the  frog's  normal  metabolism  and  nutrition,  (2)  the  varying 
intensity  of  light  to  which  the  eye  is  exposed,  (3)  the  temperature 
of  the  medium  surrounding  the  enucleated  bulbus,  (4)  injuries  to 
the  coats  of  the  bulbus  that  may  result  in  lowering  the  intra-ocular 
tension  and  alter  the  rate  of  diffusion,  and,  finally,  (5)  mechanical 

«The  section  on  the  pupil  was  completed  November  15,  1908,  but  publication  was 
delayed  so  that  the  comparative  study  herein  contained  might  be  made. 

b  Dryer  as  early  as  1897-1899  showed  that  adrenalin  is  secreted  into  the  circulation 
after  stimulation  of  the  splanchnic  nerve.  This  excellent  piece  of  work  has  not 
received  the  attention  of  German  writers  that  it  should,  especially  since  Dryer  is  one 
of  the  first  to  prove  conclusively  that  stimulation  of  the  splanchnic  causes  an  in- 
creased secretion  liy  the  adrenal  glands. 
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stimuli.  One  of  the  main  problems  of  this  method  is  to  devise  a 
Ic'liiiiqiie  that  minimizes  the  chief  sources  of  error. 

As  is  well  known,  the  frog's  pupil  is  an  elliptical-like  opening  the 
hiig  axis  of  which  is  almost  jiarallel  to  the  long  axis  of  the  body. 
( 111  the  lower  margin  of  the  pupil,  almost  in  line  with  the  short  axis 
I'f  the  ellipse,  there  is  a  small  notch,  whereas  the  upper  margin, 
tliiiugh  usually  continuous,  is  sometimes  indented  by  a  less  con- 
spicuous notch.  In  measuring  the  eye,  especially  when  widely 
<liiated,  these  notches  furnish  convenient  points  of  reference  in  locat- 
hvj:  the  short  axis.  The  long  axis  in  the  undilated  eye  is  of  course 
easily  located  by  reason  of  the  shape  of  the  anterior  and  posterior 
iii.iigins  of  the  pupil. 

I II  orienting  the  bulbus  previous  to  measuring  the  size  of  the  pupil 
ii  is  necessary  to  have  a  suitable  container.  Glass  vessels  of  about 
3  c.  c.  capacity  were  used,  made  from  hard  bacteriological  test  tubes 
17  mm.  in  diameter,  the  edges  being  ground  smooth  so  that  it  might 
be  sealed  with  a  cover  slip  to  avoid  evaporation. 
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Fig.  1.— Water  balh.     a.  Glass  container,  described  in  text;   6,  wuter  Ijath  through  which  a  steady 
stream  of  water  from  the  temperature  regulator  is  kept  flowing. 

Except  in  a  few  experiments  described  later,  special  care  was 
taken  to  avoid  the  changes  in  temperature  and  light  values  that 
occur  in  a  laboratory  lighted  by  direct  or  diffuse  sunlight.  To  this 
end  a  dark  room  was  fitted  up  with  a  16-candlepower  incandescent 
light  so  arranged  that  the  excised  bulbi  could  be  lighted  from  a  given 
distance,  thus  making  it  possible  to  maintain  a  light  of  constant 
intensity.  Of  course  at  a  distance  of  10  inches  such  a  light  generates 
enough  heat  to  warm  2  c.  c.  of  solution  to  30°  or  more,  depending 
upon  the  room  tem{)erature.  In  order  to  avoid  not  only  such  high 
temperatures,  but  more  especially  fluctuations  in  the  same,  the 
water  bath,  indicated  in  figure  1,  was  devised.  It  is  constructed  in 
such  a  way  that  the  glass  container  rests  in  a  current  of  water,  the 
temperature  of  which  is  so  regulated  tliat  the  temjjerature  of  the  solu- 
tion in  the  container  can  also  be  kept  constant. 

Preliminary  experiments  demonstrated  that  a  mere  naked  ej^e 
observation  of  the  changes  in  size  of  the  ])upil  is  of  little  value,  and 
so  an  instrument  of  precision  was  sought  that  would  enable  the 
177— Bull.  55—09 4 
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observer  to  express  in  luilliinetcrs  the  exact  lengtli  of  tlie  long  and 
short  axes  of  the  pupil.  The  device  which  proved  to  be  most  satis- 
factory was  made  for  me  by  Messrs.  Gaertner  &  Co . ,  of  Chicago.  Their 
"simple  comparator"  was  modified  by  the  author  to  meet  the  needs 


Fig.  2.— Pupilomotor.  2a,  Reading  microscope  with  cross  wires;  26, 
ter  slide-  (soo  fig.  3);  2c,  adjustable  .substagc  (see  fig.  4);  2d,  support; 
2e,  water  bath  (see  fig.  1).  Temperature  regulators  and  light  omitted  tor 
sake  of  clearness. 

of  the  present  series  of  experiments.  (See  fig.  2.)  The  essential  parts 
of  the  apparatus  are,  (1)  a  reading  microscope  with  cross  wires  in  the 
eyepiece  (fig.  2a),  (2)  a  micrometer  slide  (fig.  2b  and  fig.  .S),  (3)  an 
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(ij  iistable  stage  (fig.  2c  and  fig.  4),  and,  finally,  (4)  a  support  (fig.  2d). 
lir  iTcjss  wire  in  the  eyepiece  furnishes  a  point  of  reference,  and  in 
naking  a  reading  tlie  eye  is  first  oriented  so  as  to  liring  its  optical 


Ki,  ,;.-   Micrometer  slide.    Micrometer  screw  has  a  diameter  of  10  mm.,  pitch  of  0.5  nun.    Themicrom- 
pict  lii'iid  has  a  diameter  of  50  mm.  and  is  divided  into  100  parts, each  division  reading  to  0.005  mm. 

xis  parallel  with  the  axis  of  tlie  microscope.     Tiien  l)y  lucans  of  a 
larsc  adjustment  the  desired  edge  of  the  pupil  is  brought  into  line 


G.  4.~Adjustablo  substagc.    a.  Ri'volvint;  support,  upon  which  the  water  hath  2c  fiK.  2,  rcsl-'';  b,  c, 
rack  and  pinion  providing  qnicic  adjustment  for  centering  edge  of  pupil  against  the  cross  wires. 

ith  the  cross  wire  and  the  long  axis  of  the  pupil  measured;  the 
bject  stage  is  rotated  to  90°  and  the  short  axis  measured.  In  this 
ay  a  given  eye  can  be  measured  many  times  without  disturbing  it 
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by  jars  or  other  forms  of  mechanical  stimulation  except  when  it  is 
necessary  to  change  the  sohition  in  the  container. 

Since  the  unit  that  most  concerns  us  in  this  i)aper  is  tlie  time 
required  by  the  pupil  to  dilate  to  a  maximum  it  becomes  necessary 
to  explain  a  few  points  in  this  connection.  (1)  In  some  eyes  tli< 
long  axis  is  the  first  to  reach  a  maximum  length;  at  other  times  it 
is  the  short  axis.  (2)  The  axis  first  to  reach  a  maximum  length 
usually  shortens  while  the  other  axis  is  in  the  process  of  elongating:. 
It  is  only  occasionally  that  both  axes  reach  their  maximum  length 
simultaneously,  or  that  the  one  waits  upon  the  other.  Hence  it  often 
becomes  difficult  to  determine  the  exact  moment  at  which  the  ey<' 
is  most  widely  dilated  unless  the  absolute  area  of  the  pupil  be  calcu- 
lated. This  is  too  tedious  a  process,  so  as  a  rule  one  of  the  following 
methods  is  used:  (1)  The  mean  of  the  time  required  for  the  two  ax<  - 
to  reach  their  greatest  length;  (2)  the  moment  of  maximum  dilatinn 
determined  by  the  first  axis  reaching  its  greatest  length  or  turning.; 
point.  Unless  otherwise  stated,  the  last  method,  though  less  acca 
rate,  is  the  one  used  throughout  the  paper. 

I  alwaj^s  endeavored  to  choose  frogs  of  the  same  varietj',  that 
weighed  not  less  than  17  grams  nor  more  than  30.  The  head  was 
cut  off  just  back  of  the  eyes  and  the  bulbi  removed  from  their  socket* 
at  once.  In  removing  the  eyeball  undue  pressure  was  avoided  and 
care  taken  not  to  cut  the  sclerotic  coat.  The  bulbi  were  immedi- 
ately dropped  into  a  container  of  Ringer  solution,  observed  and 
measured.  When  necessary  to  change  the  solution,  it  was  carefully 
pipetted  off  and  a  fresh  solution  of  nearly  the  same  temperaturf 
substituted. 

In  spite  of  all  precautions  certain  eyes  will  dilate  and  remair 
dilated  in  the  Ringer  solution  for  an  unusual  length  of  time.  Wher 
this  occurs  they  should  be  rejected.  Furthermore,  eyes  from  frogs 
of  low  vitality  seem  to  be  more  susceptible  to  adrenalin  than  thost 
of  healthy,  vigorous  animals.  This  source  of  variation  is  the  most 
difficult  to  overcome,  and  perhaps  accounts  for  man}'  of  the  varia 
tions  that  occur  in  experiments  of  this  nature. 
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-KV. — Mydriatic  action  of  adrenalin  iipnn  the.  frog's  eye  when  exposed  to  hriijht 
sunlight. 

iineiit  17,  July  22, 190S.  Raiia  pipiens.  Weiglil,  alioiit  17  grams.  KiUod  10.13  a.  in.,  enucleated 
I'he  solutions  made  from  P..  D.  and  Co.'s  1:1,000  adre.ilin  solution.  The  temperature  varied  from 
L'..5°C.,and  tile  brightnessof  the  light  varied  from  the  liright  noonday  sunlight  to  that  which  obtains 
I.  m.  of  a  clear  July  day.    (-)  always  indicates  decrease  in  size,  i.  e.,  constriction  of  the  pupil. 
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2.4 

10.30 

LI 

2.4 

10.40 

1.3 

2.4 

10.45 

L4 

2.6 

10.47 

1.5 

2.8 

30.0 

i>-.3 

-  .2 

-  .4 

-  .1 

-  .2 

-  .1 

-  .1 

.0 

+  .2 

0.50 

1.1 

2.4 

10.52 

1.4 

2.4 

10.54 

1.3 

2.0 

10.50 

1.1 

2.5 

11 

1.1 

2.5 

30.5 

-  .3 

-  .2 

-  .1 

-  .1 

-   .2 

-  .5 

-  .4 

-  .3 

-  .4 

-  .1 

1.00 

1.2 

2.3 

11.02 

1.2 

2.2 

11.04 

12 

2.0 

11 

1.0 

2.4 

n.2o 

1.0 

2.1 

3L3 

-  .2 

-  .3 

-  .3 

-  .3 

-  .3 

-.5 

-  .5 

-  .4 

-  .5 

-  .5 

1.40 

1.1 

2.1 

11.42 

1.1 

2.1 

11.44 

1.5 

2.1 

11.04 

1.1 

2.4 

11.50 

1.1 

2.4 

32.5 

-  .3 

-  .5 

-  .4 

-  .4 

.0 

-  .4 

-.4 

-  .4 

-  .4 

-  -2 

'.  m. 

P.  771. 

P.  77!. 

P.  771. 

P.  77!. 

2.20 

1.2 

2.2 

12.32 

1.2 

2.3 

12.24 

1.5 

2.3 

12.28 

1.2 

2.4 

12.  30 

1.2 

2.4 

31.8 

-  .2 

-  .4 

-  .3 

-  .2 

.0 

-  .2 

-  .3 

-  .4 

-  .3 

-  .4 

2.53 

1.3 

2.3 

12.  .55 

1.4 

2.4 

12.56 

2.0 

2.5 

12.59 

1.1 

2.4 

LI 

1.1 

2.4 

31.0 

—  .1 

-  .3 

-  .1 

-  .1 

+  .5 

.0 

-   .4 

-  .4 

-  .4 

-  -2 

2.04 

1.4 

2.7 

2.06 

1.5 

2.3 

2.08 

2.4 

2.0 

2.12 

1.4 

2.5 

2.14 

L5 

2.6 

3L0 

.0 

+  .1 

.0 

-  .2 

+  .9 

+  .1 

-  .1 

-  .3 

.0 

.0 

3.14 

1.6 

2.  fi 

3.10 

1.5 

2.8 

3.18 

2.6 

2.S 

3.22 

1.6 

2.5 

.3.24 

1.7 

2.  5 

3L5 

+  .2 

.0 

.0 

+  .3 

+  1.1 

+  .3 

+  .1 

-  .3 

+  .2 

-  .  1 

4.14 

1.9 

2.6 

4.16 

1.6 

2.5 

4.18 

2.7 

2.9 

4.22 

1.6 

2.6 

4.24 

1.9 

2.6 

30.6 

+  .6 

.0 

+  .1 

.0 

+1.2 

+  .4 

+  .1 

-  .2 

+  .4 

.0 

o  First  line  in  each  group  indicates  actual  length  of  axes  in  millimeters. 
&  Second  line  in  each  group  shows  change  in  length  of  axes. 

Other  investigators  in  their  experiments  with  iuh-enahn  mihI  flic 
excised  bulbus  used  sunhght,  which  as  is  well  known  varies  greatly 
in  intensity.  Since  the  stimulating  action  of  adrenalin  is  sujiposed 
to  counteract  the  stimulating  action  of  light  it  would  seem  of  the 
greatest  importance  to  use  light  stimuli  of  a  constant  value  and  of 
optimum  intensity.  This,  I  believe,  I  have  accomplished  by  the  u.se 
of  electric  light  which,  so  far  as  1  know,  lias  never  been  used  before 
in  experiments  of  this  nature. 

1)1  the  first  place  the  constricting  effect  of  very  bright  sunlight  is 
usually  greater  than  can  be  overcome  by  the  dilating  effects  of  the 
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adrenalin  present  in  a  1 :  5,0()(),()00  or  even  in  a  1:625,000  solution. 
Therefore,  the  readings  from  the  start  have  a  negative  sign,  that  is, 
the  pupil  constricts.  It  is  onl\^  after  remaining  in  the  .solution  two 
or  three  hours  that  signs  of  dilation  apj)ear,  and  even  then  tlicic  is 
no  positive  evidence  in  favor  of  the  adrenalin  causing  this  dilation. 

The  readings  in  columns  A  and  E  of  Table  XV  ai-e  from  eyes  in 
Ringer  solution.  The  maximum  constriction  is  —  .3  for  the  long  axis 
and  —  .5  mm.  for  the  short  axis  of  A;  —  .5  by  —  .5  mm.  for  E.  Later, 
as  the  light  grows  dimmer  and  the  temperature  lower,  the  same  (^yes 
dilate  making  the  difference  in  their  sizes  a  little  after  4  p.m.  from 
that  when  first  measured  for  A  +.5  by  .0  mm.;  and  for  E  +.4  by 
.0  mm.,  the  pupils  .at  the  end  being  slightly  larger  than  when  first 
measured.  It  is  true  that  C  shows  greater  dilation  than  this,  even 
as  much  as  +1.2  by  +.4,  but  D  in  a  much  stronger  solution  of 
adrenalin  than  C  dilates  less.  In  the  light  of  similar  sets  of  ex])eri- 
ments,  I  am  inclined  not  to  stress  the  importance  of  adrenalin  in 
bringing  about  the  dilation  in  B,  C,  or  D,  for  if  they  had  been  in 
Ringer  solution  alone  they  would  without  doubt  have  reacted  in 
much  the  same  way.  On  the  whole  I  found  sunlight  unsati-sfactorj'. 
With  few  exceptions,  eyes  under  its  influence  in  weak  solution  con- 
stricted, and  if  there  were  dilation  later,  it  was  only  after  exposure 
to  Ringer  solution  and  at  a  temperature  which  my  previous  experi- 
ence with  salt  solutions  has  shown  to  be  positively  injurious  to  all 
muscle  tissue. 

Mechanical  stimuli  are  likewise  an  important  factor  in  bringing 
about  dilation  of  the  pupil.  Due  care  must  be  taken  in  changing  the 
solution  and  in  orienting  the  pupil,  especially  at  such  temperatures 
as  render  smooth  muscle  unusually  irritable. 

Table  XVI. —  The  effect  of  mechanical  stimuli  upon  the  pupil  of  the  excised  bulhus, 
hept  at  a  constant  temperature  and  lighted  by  artificial  light. 


Time. 

Long 
axis. 

Short 
axis. 

Time. 

Long 
axis. 

Short 
axis. 

Time. 

Long 

axis. 

Short 
axis. 

A.  m. 

M.m. 

M.m. 

A.  m. 

M.m. 

M.m. 

A.m. 

M.m. 

M.m. 

10.12 

2.235 

2.055 

11.51 

1.973 

0.945 

1.12 

1.670 

1.170 

10.25 

2.220 

1.860 

11.58 

1.670 

1.163 

1.15 

1.710 

1.200 

10.48 

1.835 

1.440 

P.  m. 

1.20 

1.825 

1.400 

11.  IS 

1.  ,5.15 

0.970 

12.2 

1.735 

1.290 

1.26 

1.950 

1.645 

11.29 

1.315 

0.  900 

12.11 

1.  695 

1.240 

1.36 

1.935 

1.610 

11.40 

1.490 

0.900 

12.37 

1.635 

1.045 

1.48 

1.850 

1.405 

11.  4S 

By  means  of  a 

12.48 

1.650 

1.150 

2.8 

1.815 

1.310 

capillar.v  pipette  the  eye  is 

1.2 

1.635 

1.080 

2.27 

1.800 

1.370 

gently  pipetted  about  in  its 

1.9 

Ringer 

pipetted 

bath  and  then  oriented  as 

off  and 

2  c.  c.  of  a 

1:3,125,- 

usual. 

000  soli 
added. 

tion    of  a 

dienalin 

Table  X^'I  illustrates  in  a  general  way  the  reaction  of  the  pupil 
to  mechanical  stimuli.  Soon  after  being  placed  in  the  container  the 
eye  dilates  to  a  maximum  (10.48),  then  constricts  to  a  minimum,  in 
which  condition  it  remains  for  a  long  time  if  all  influences  be  kept 
(■(instant.  But  by  gently  pipetting  the  eye  about  as  is  done  (11.48 
a.  m.)  it  dilates,  sometimes  slowly,  but  in  this  case  rapidly,  after 
which  it  again  constricts.  The  experiment  was  continued  (1.9)  by 
I vjilacing  the  Ringer  solution  with  a  very  dilute  solution  of  adrenalin 
(>r  the  same  temperature,  disturbing  the  eye  to  about  the  same  ex- 
tent as  before.  This  again  caused  dilation  similar  to  that  following 
the  mechanical  stiimdi  just  described.  At  first  sight  this  last  dila- 
tion might  easily  be  attributed  to  the  adrenalin  since  the  eye  not 
(inly  dilates  more  slowly  but  the  dilation  persists.  Other  observa- 
tions, however,  lead  me  to  conclude  that  the  adrenalin  has  but 
h'ttle  action  and  that  which  it  has  is  exerted  in  supplementing  the 
mechanical  stimuli  and  perhaps  in  retarding  the  after  constriction. 

Since  ordinary  sunlight  is  unsatisfactory  for  quantitative  work  of 
this  nature,  artificial  light  was  substituted.  If  the  proper  intensity 
l)c  used  and  the  eyes  observed  at  22  to  23°  C.  then,  instead  of  con- 
st I  iction,  dilation  may  occur  with  very  dilute  solutions.  The  dila- 
lidii  sometimes  present  with  a  concentration  of  1  of  adrenalin  to 
(i'_'"),000  of  Ringer  or  with  weaker  solutions  is,  however,  not  at  all 
suited  for  quantitative  determinations. 


Table  XVII. — Mydriatic  action  of  natural  l-adrenalin. 
EXCISED  FROG'S  EYE. 


Experiment  .39a. 
1:2,000. 

Experiment  41a. 
1:5,000. 

Experiment  55b. 
1:25,000. 

Time. 

Long                 Short 
axis.                  axis. 

Time. 

Long                  Short 
axis.                   axis. 

Time. 

Long                 Short 
axis.                   axis. 

A.m. 
10.12 
10.15 
10.20 
10.21 
10.26 

Jrf .  m.             M.  m. 
(•2.135             a  1.700 
"  2.  115               o  1.  690 
o  2.  070              a  1.  720 
a  2. 125              o  1.  730 
o  2. 135              o  1  740 

P.  m. 
3.66 

4.5 

M.  m.             M.  m. 
a  2.  010               a  1.  430 
a  2.  055              o  1.  650 

P.  m. 
2.10 
2.32 
3.25 
3.30 
3.42 

if.  m.             M.  m. 
a  1. 760             a  1. 060 
a  2.  030              o  1.  840 
"  I.  765              "  1.  435 
a  L  730              "  1.  510 
a  1.  790              "  1.  595 

4.8 

a  2. 100               a  1.650 

10.27 

In  adrenalin. 

4.9 

In  adrenalin. 

3.44 

In  adrenalin. 

10.29 
2 

10.31 
4 

6  2.185             '■1.750 
(^  0.050              to.  010 
6  2. 250             !>  1. 935 
CO.  115               CO.  195 

4.11 
2 

4.13 
4 

6  2.105             6  1.805 
CO.  005              c  0.155 
b  2.  510              6  2.  305 
c 0.410              CO.  655 

3.  46 

3.  48 
4 

b  1. 900             6  1. 795 
CO.  lin             c 0.200 
6  1.  900             6  1. 940 
CO.  200             CO.  345 

a  Actual  length  of  axis  measured  in  2  c,  c.  of  Ringer  solution  at  23°  <'. 
f}  Actual  length  of  axis  at  time  measured. 

-^Change  in  length  of  axis  after  the  eye  is  exposed  to  2  c.  c.  of  adreiialiii  .solution  fur  the  i 
Indicated  to  left  in  time  colimin. 
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Table  XVII. — Mydriatic  action  of  natural  l-adrenalin  —  Ciniiinnod. 
EXCISED  FROG'S  EYE-Continued. 


Experiment  39a. 
1:2,000. 

Experiment  41 
1  i.'i.OOO. 

a. 

I 
Time. 

"xperiment  S5b. 
1:25,000. 

Time. 

Long 
axis. 

Short 
axis. 

Time. 

Long 

Short 
axis. 

Long 
axis. 

Short 
axis. 

10.27 

In  adrenalin. 

4.9 

In  adrenalin. 

3.44 

In  adrenalin. 

A.m. 

Jf.TO. 

M.m. 

P.m. 

M.m. 

M.m. 

P.m. 

a.m. 

M.m. 

10.34 

a  2.  515 

O2.440 

4.15 

o  2. 700 

0  2.510 

3.54 

0  2.100 

0  2.066 

7 

(>  0.380  23.0 

6  0.700 

6 

60.000  23.8 

6  0.800 

6 

6  0.310 

6  0.  470 

10.  3li 

"  2.  830      C. 

0  2.685 

4.18 

o2. 750     C. 

0  2.  640 

3.52 

o  2. 235 

"2.  l.-i0 

9 

6  0.695 

6  0.945 

9 

6  0.  650 

6  0.990 

8 

6  0.  445 

6  0.555 

10.38 

■■2.950 

0  2.785 

4.21 

o  2.  S.'iO 

a  2.  760 

3.  54 

0  2.360 

02.245 

U 

0  0.815 

6  1.  045 

12 

6  0.  750 

6  I.  110 

10 

6  0.570 

6  0.650 

10.40 

0  2.950 

O2.830 

4.23 

O2.860 

o2.  800 

3.5S 

o  2.  520 

0  2.350 

13 

i>  0.815 

61.090 

14 

6  0.760 

6  1.  150 

14 

6  0.730 

6  0.755 

10.42 

O2.950 

12.830 

4.25 

0  2.840 

O2.780 

4.00 

02.555' 

02.  400 

15 

6  0.815 

61.090 

16 

6  0.740 

6  1. 130 

16 

6  0.765 

6  0.805 

10.44 

0  2.950  23.1' 

0  2.830 

4.27 

O2.840 

0  2.800 

4.3 

0  2.  610 

0  2.430 

17 

l>  0.815     C. 

6  1.090 

18 

6  0.710 

6  1.  110 

19 

6  0.820 

6  0.835 

10.47 

0  2.970 

0  2.830 

4.35 

0  2.775 

o  2.  820 

4.6 

02.  665 

0  2.  410 

20 

6  0.835 

6  1.090 

26 

6  0.  675 

6 1. 170 

22 

6  0:875 

6  0.815 

10.50 

o  2.  935 

0  2.830 

4.40 

O2.640 

0  2.840 

4.8 

02. 695 

02.  425 

23 

6  0.800 

6  1.  090 

31 

6  0.540 

6  1.190 

24 

6  0.905 

60.830 

10.52 

O2.900 

o  2.  815 

4.45 

O2.600 

0  2.800 

4.11 

0  2.705 

02.  425 

25 

6  0.765 

6  1.  075 

36 

6  0.500 

6  1.  ISO 

27 

6  0.915 

6  0.830 

10.54 

0  2.890 

0  2.815 

4.51 

0  2.615 

0  2.775 

4.13 

0  2.700 

02.395 

27 

6  0.655 

6  1.  075 

41 

6  0.515 

6  1. 125 

29 

6  0.910 

6  0.800 

10.56 

O2.900 

o2.  770 

4.56 

O2.610 

0  2.750 

4.15 

02.715 

0  2.400 

29 

6  0.765 

6  1.030 

46 

6  0.  510 

6  1. 100 

31 

6  0.  925 

6  0.805 

11.00 

0  2.  880 

O2.770 

5.2 

O2.600  23.8° 

0  2.690 

4.17 

0  2.700        - 

0  2.390 

33 

6  0.745 

6  1.  030 

52 

6  0.  500     C. 

6  1.040 

33 

6  0.910 

6  0.795 

11.3 

o2.  845  23.4" 

0  2.775 

5.10 

O2.590 

0  2.675 

4.20 

02.  670 

02.  380 

36 

6  0.700     C. 

6  1.  035 

60 

6  0.  510 

6  1.  025 

36 

60.880 

6  0.785 

11.14 

o2.  850 

O2.690 

5.16 

O2.G00 

o  2.  675 

4.25 

02.  645 

02.335 

47 

6  0.705 

6  0.950 

06 

6  0.500 

6  1.  025 

41 
4.27 

43 
4  37 

53 

6  0.  845 
02.  625 
6  0.835 
02.560 
6  0.770 

6  0.  740 
,02.320 
6  0.725 
02. 190 
6  0.  595 

c20miQ. 

cl3min. 

cl4min. 

c31min. 

c31min. 

c24min. 

"  Actual  length  of  axis  at  time  measured. 
6  Change  in  length  of  axis  after  the  eye  is  exposed  to  2  e 
minutes  indicated  to  left  in  time  column. 
<:  'I'ime  required  for  each  axis  to  reach  a  maximum  length. 


.  of  adrenalin  solution  for  the  number  uf 
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Table  XXlll.^  Mydriallc  action  of  natural  l-adrenalin. 
EXCISED  FROG'S  EYE. 


A.  m. 
9.35 


M.m. 
0  1.810 
'■1.745 


0  1.240 
ol.lSO 


P.  m. 
12.1 


h  1.  735 
CO.  045 
61.855 
CO.  165 
6  1.880 
c  0.190 
61.905 
£0.215 
6  2.000 
c  0.  310 
6  2.  060 
CO.  360 
6  2.240 
CO.  550 
6  2.280 
CO.  590 
6  2.360 
CO.  670 
6  2.430 
c  0.  740 
6  2.500 
CO.  810 
6  2.570 
CO.  880 


6 1. 175 
CO.  155 
6  1.265 
CO.  245 
6  1.375 

22. 0°  c  0.  355 
C.  6  1.530 
c  0. 510 
6  1.710 
CO.  690 
6  1.775 
CO.  755 
61.940 
CO.  920 
6  1.960 
CO.  940 
6  2.000 
CO.  980 
6  2.  040 

22.0°  c  1.020 

C.      6  2. 105 

c  1.085 

6  2.190 


A.  m. 
10.09 
10.11 
10.16 
10  42 
11-26 


11.34 

5 

11.37 


P.  m. 
12.11 


6  2.575 

6  2.225 

CO.  885 

c  1.205 

6  2.635 

6  2.345 

c  1.045 

c  1.325 

6  2.  670 

6  2.395 

c 1.080 

22.2°  c  1.375 

M.m. 
a  2. 010 
0  2.025 
o  2. 015 
o  1.925 
a  1.  895 


M.m. 
o 1.710 
"1.720 
o  1.690 
0  1.560 
o 1.435 


6  2.075  6  1.615 

CO.  180  CO.  180 

6  2.135  6  1.640 

c  0. 240  23.  0°  c  0.  205 

6  2.140  C.      6  1.645 

c  0.  245  c  0.  210 


6  2. 195 
CO.  300 
6  2. 195 
CO.  300 
6  2.225 
c  0.  330 
6  2.310 
CO.  415 
6  2.340 
c  0.445 
6  2.  325 
CO.  430 
6  2.  335 
c  0.  440 
6  2.  370 
CO.  475 
6  2.385 
CO.  490 
6  2.405 
r  0. 510 
6  2.420 
CO.  525 
6  2.445 
c  0.550 
6  2.  475 
CO.  580 


6  1.  660 
c  0.225 

22. 2°  6  1.700 

C.      CO.  265 

6 1. 710 

22.  4°  c  0. 275 
C.  6  1.790 
c  0.  355 
6  1.800 
c  0.365 
6 1.  775 
CO.  340 

22.  4° 6 1.800 
C.  c  0.  305 
6  1.800 
c  0.365 
6 1. 825 
c  0.390 
6  1.  S30 

22.  8°  c  0  395 
C.  61.805 
CO.  430 
6  1. 875 
c  0-440 
6  1.  S55 
CO.  420 


Experiment  47a. 
1  ;  3, 125, 000. 


A.  TO. 

10.12 
11.46 
11.58 


M.m.  M.m. 

o  2. 235  o  2. 055 

0  1.490  23. 2°  0  0.900 

o 1.  670  o 1. 165 

o 1.  735  o 1.  290 

o  1.635  0  1.080 


6 1.  670 
CO.  035 
6  1.710 
c  0.  075 
6  1.825 
<■  0,190 
6  1.950 
CO.  315 
6 1.  935 


61.170 
CO  090 
6  1.200 
CO.  120 
61.400 
CO.  320 
24. 2°  6  1.645 
C.  CO.  565 
6  1.610 


27 

CO  300 

CO.  530 

1.48 

61.850 

6 1.  405 

39 

CO.  215 

23.2° 

CO.  325 

2.08 

6  1.815 

C. 

6  1.310 

59 

CO.  180 

CO.  230 

2.27 

6  1.800 

6  1.370 

78 

CO.  165 

CO.  290 

2.32 

61.790 

6  1.  430 

83 

CO.  155 

23.2 

CO  350 

2.37 

6  1.765 

C. 

6  1.380 

88 

c  0.130 

CO.  300 

2.54 

6  1.780 

6 1.  365 

105 

CO.  145 

CO.  275 

3.14 

61.790 

61.420 

125 

CO.  155 

CO.  340 

3.34 

6  1.760 

61.360 

145 

CO.  125 

CO.  280 

3.54 

6  1.795 

6  1,  295 

165 

CO.  160 

CO.  215 

4.31 

6  1.720 

6  1.245 

202 

CO.  085 

24.6 

■  CO.  165 

6.41 

6 1.  545 

C. 

6  1.000 

332 

CO.  090 

CO.  080 

a  Actual  length  Of  axis.    Measured  in  2  c.  cat  Ringer  solution  at  23°  C. 

6  Actual  lengtli  of  a.\is  at  time  measured.  ,      •     ,„„ 

c  Changeinlength  of  axis  after  the  eye  is  exposclto  2  c.  c.  ot  adrenalin  sol-.ition  for  ttu,  number  or  minutes 

Indicated  to  left  in  time  column. 
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Table  XVIII. — Mydriatic  action  of  natural  l-adrenalin — Continued. 
EXCISED  FROG'S  EYE- Continued. 


Experiment  44a. 
1  :  125,000. 

Experiment  40a. 
1  :  625,000. 

Experiment  47a. 
1  :  3,125,000. 

Time. 

Long                  Short 
axis.                    axis. 

Tims. 

Long                  Short 
axis.                   axis. 

Time. 

Long                  Short 
axis.                   axis. 

11.16 

In  adrenalin. 

11.29 

In  adrenalin. 

1.9 

In  adrenalin. 

P.m. 

12.20 

70 

12.35 

79 

12.44 

88 

12.47 

91 

1.12 

116 

1.20 

124 

1.35 

137 

M.  m.             M.  m. 
O2.G70              02.465 
6  1.080             61.445 
■•2.B45              12.465 
61.055              6  1.445 
a2.650              02.500 
60.900              61.480 
02.650               O2.500 
6  0.960                61.480 
O2.640               0  2.525 
60.950              61.550 
<"2.655              12.480 
60.965              61.460 
0  2.580              0  2.435 
6  0.  890               6  1.  415 

P.m. 
4.36 

307 
4.54 

325 
6.51 

442 
6.54 

445 
7.32 

483 
7.56 

517 

M.  m.             M.  m. 
02.485  23.0°   01.825 
60.590     C.      60.390 
O2.480              11.890 
60.585              60.455 
O2.390              01.855 
60.495              60.420 
02.390             01.870 
60.495  22.4°    60.435 
0  2.325     C.      0  1.840 
60.430              60.405 
02.255              al.845 
6  0.360              6  0.410 

A.  m. 

M.  m.             M.  m. 

c  55  min.      c  ii4  min. 

c  307  min.     c  325  min. 

c  17  min.        c  145  min. 

o  Actual  length  of  axis  at  time  measured. 

6  Change  in  length  of  axis  after  the  eye  is  e.xposed  to  2e.  c.  of  adrenalin  solution  for  the  numljerof 
minutes  indicated  to  left  in  time  column. 

f  Time  required  for  each  axis  to  reach  a  maximum  length. 

The  readings  recorded  in  Tables  XVII  and  X^^EII  are  taken  from 
eyes  immersed  in  1:2,000,  1:5,000,  1:25,000,  1:125,000,  1:625,000, 
and  1:3,125,000  solutions  of  natural  l-adrenalin  kept  at  nearly  con- 
stant temperatures  and  lighted  by  electric  light.  It  will  be  noticed 
that  with  an  mcreased  concentration  of  adrenalin  there  is  a  shorten- 
ing of  the  time  required  to  cause  maximum  dilation.  If  we  take  the 
mean  of  the  times  in  Tables  XVII  and  XVIII  required  by  the  long 
and  short  axes  to  reach  a  maximum  length  it  will  be  found  that — 

1: 2,000  caused  maximum  dilation  in  16  min. 
1: 5,000  caused  maximum  dilation  in  22  min. 
1: 25,000  caused  maximum  dilation  in  70  min. 
1: 125,000  caused  maximum  dilation  in  84  min. 
1: 625,000  caused  maximum  dilation  in  316  min. 
1:3,125,000  caused  maximum  dilation  in  (81)?  min. 

On  the  whole  the  results  are  not  very  satisfactory,  and  if  the  mini- 
mum time  necessary  for  one  of  the  axes  be  taken  to  represent  the 
time  of  dilation  the  results  are  even  less  concordant.  The  solutions 
in  the  order  named  above  cause  maxunum  dilation  in  13,  14,  66,  55, 
307,  and  17  minutes,  respectively. 
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Tlio  most  roliiible  results  artv obtained  by  comparing  two  solutions 
ui)on  eyes  from  the  same  frog,  thus  giving  test  objects  more  nearly 
iilike,  the  one  solution  being  used  on  the  right  and  the  other  upon  the 
left  eye.  Although  the  eyes  from  other  frogs  may  show  for  given 
M'ts  a  longer  or  shorter  "dilation  time,"  as  a  rule  the  higher  readings 
\\  ill  be  approximate  multiples  of  the  lower,  so  that  the  relative  values 
(il  the  coeflicients  of  strengths  thus  obtained  will  remain  about  the 
same  throughout. 

As  indicated  in  Table  XIX  the  eyes  of  frogs  Nos.  71,  72,  and  73 
yield  very  consistent  results.  Not  only  do  the  dilation  times  of  the 
weaker  solutions  agree  with  each  other,  bnit  those  of  the  stronger 
agree  and  the  lengths  of  these  times  are  roughly  ])ro])()rtional  to  the 
concentration.     At  1S°  to  19°  C: 

1:20,000  adrenalin  solution  cauBcs  maximum  dilation  in  28  to  29  minutes. 
1:40,000  adrenalin  solution  causes  maximum  dilation  in  27  to  39  minutes. 
1 :  80,000  adrenalin  solution  causes  maximum  dilation  in  55  minutes. 

Table  XIX. 


Frog  No.  71. 

Frog  No.  72. 

Frog  No.  73. 

Time. 

Long 
axis. 

Short 
a.\-is. 

Time. 

Long 
axis. 

Short 
axis. 

Time. 

Long 

Short 
axis. 

lii^'liteyein  1:40,000 

P.m. 
2.52 
2.15 

M.m. 
3.015 
1.916 

M.m. 
2.425 
1.305 

P.m. 
11.27 
10.48 

M.m. 
3.250 
1.950 

M.m. 
2.550 
1.140 

P.m. 
1.49 
1.12 

M.m. 
3.470 
2.160 

M.m. 
2.985 
1.215 

37niin. 

1.055 

1.120  39iiiin. 

1.300 

1.410 

37min. 

1.310 

1.770 

Lefteyein  1:20,000 

2.45 

2.17 

3.245 
2.205 

2.985 
1.480 

11.46 
11.17 

3.165 
1.720 

2.715 
0.810 

28min. 

1.040 

1.505 

29min. 

1.445 

1.905 

i 

2.4 
1.9 

3.265 
2.175 

2.810 

1.135 

55min.       1.090 

1.675 

Weight  of  frogs,  No.  71=30  grams;  No.  72=26  grams,  No.  73=26  grams. 

All  the  eyes  were  measured  in  a  Ringer-adrenalin  solution  kept  at  18"  to  19°  C,  lighted  by  a  16- 
candlepower  incandescent  light  under  a  metallic  reflector.  The  maximum  dilation  is  determined  by  the 
time  req^n^ed  by  first  axis  to  reach  its  greatest  length. 


RELATIVE   MYDRIATIC   ACTION   OF  NATURAL  L-  AND    OF   SYNTHETIC   DL- 
ADRENALIN  UPON  THE  EXCISED  FROG'S  EYE. 

A  comparison  of  the  degree  of  mydriasis  excited  by  natural  1-  and 
synthetic  dl-adrenalin  seems  to  indicate  that  the  former  is  the  more 
active.  This,  however,  is  not  brought  out  very  sharply  by  comparing 
a  large  number  of  eyes  promiscuously.  For  example,  if  the  results  of 
Tables  XVII,  XVIIT,  XXI,  XXII,  XXIII,  and  XXIV  be  compared 
the  following  relations  seem  to  obtain. 
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Table  XX. — Comparison  of  time,  required  to  cause  maximum,  mydriasis. 


Coneontrutiou  of  solution. 


Synthetic  dl-. 


1;2,000.... 
1:6,000... 
1:25,000... 
1:125,000.. 
1:625,000.. 
1:3,125,000 


It  will  be  noticed  that  one  of  the  a.xes  of  the  eyes  in  natural  l-ad- 
renalin  nearly  always  reaches  a  maximum  length  l)efore  those  in 
synthetic  dl-adrenalin  solution  of  like  concentration.  Furthermore, 
solutions  less  dilute  than  1 :  125,000  are  uncertain  in  their  action,  1  he 
dilation  time  often  becoming  less  than  that  normal  for  solutions  of 
greater  concentration.  This  is  brought  out  more  clearly  in  Tables 
XVIII  and  XXII,  in  which  it  will  be  seen  that  the  dilation  time  is 
very  irregular  for  dilute  solutions. 

Table  XXI. — Mydriatic  action  of  synthetic  dl-adrenalin. 
EXCISED  FROG'S  EYE. 


Experiment  50b. 
1: 2,000. 

Experiment  52a. 
1:5,000. 

Experiment  S5a. 
1:26,000. 

Time. 

Long                   Short 
axis.                   axis. 

Time. 

Long                    Short 
axis.                     axis. 

Time. 

Long                    Short 
axis.                   axis. 

P.m. 
1.44 
2.50 

M.  m.                 M.  m. 
It  1.720             o  1.310 
11.690              01.275 

P.m. 
1.46 

M.  m.                 M.  m. 
a  1.  810              a  1.  435 

P.m. 
2.12 

M.  m.                M.  m. 

a  1.  885              "1.  815 

3.1 

al.rao              a  1.360 

1.55 

01.876              OLS85 

2.21 

» 1.980              ■»  1.920 

3.3 

In  adrenalin. 

1.57 

In  adrenalin. 

2.23 

In  adrenalin. 

3.0 

3 
3.9 

6 
3.12 

9 

bl.745              M.440 
CO.  055              ■=0.080 
i>  1.  885              6  1.  750 
CO.  195               <■  0.390 
4  2.095              6  2.010 
"c 0.405               CO.  655 

1.59 

2.2 

5 
2.4 

61.900             61.880 
CO.  030              CO.  295 
6  2.140              6  2.235 
CO.  270               CO.  660 
6  2.485              6  2.460 
CO.  615               CO.  875 

2,26 
3 

2.28 
5 

2.30 
7 

6  2. 190             62. 125 
CO.  210              CO.  205 
6  2.205              6  2.095 
CO.  215               CO.  175 
62.225              62.135 
CO.  245               CO.  215 

1  Actual  length  of  axis.    Measured  in  2  c.  c.  of  Ringer  solution  at  23  °C. 
6  Actual  length  of  axis  at  time  measiured. 

cChangi^  in  length  of  axis  after  the  eye  is  exjiosed  to  2  c.  c.  of  adrenalin  solution  for  the  i 
minutes  indicated  to  left  in  time  column. 
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Table  XXI. — Mydriatic  action  of  synlhetic  dl-adrenalin — ^Continued. 
EXCISED  FROG'S  EYE— Continued. 


Experiment 
1:2,000. 

50b. 

Experiment  52a. 
1:5,000. 

Experiment  55a. 
1:25,000. 

Time. 
3.3 

Long 
axis. 

Short 
axis. 

Time. 

Long 
axis. 

Short 
axis. 

Time. 

Long 
axis. 

Short 
axis. 

In  adrenalin. 

1.57 

In  adrenalin. 

2.23 

In  adrenalin. 

P.m. 

M.m. 

M.m. 

P.m. 

M.m. 

M.m. 

P.m. 

M.m. 

M.m. 

3.14 

0  2.290 

"2.220 

2.6 

"2.510 

"2.530 

2.35 

"2.355 

"2.215 

11 

''0.600 

6  0.  .860 

9 

6  0.640 

6  0.945 

12 

6  0.375 

6  0.  295 

3.  IG 

a  2.  485 

"2.390 

2.9 

"2.695 

"2.  020 

2.37 

"2.400 

"2.310 

13 

6  0.795 

6  1. 030 

12 

6  0.825 

61.035 

14 

6  0.420 

6  0.390 

3.18 

O2.650 

"2.600 

2.11 

"2.775 

"  2.  640 

2.39 

"2.460 

"2.375 

15 

6  0.960 

6  1.240 

14 

6  0.905 

61.055 

16 

6  0.480 

6  0.455 

3.20 

o2.  730 

"2.680 

2.13 

"  2.  875 

"2.650 

2.42 

"2.500 

"2.400 

17 

6  1.  040 

6  1.  320 

16 

6  1.  005 

6  1.  065 

19 

6  0.  520 

6  0.480 

3.22 

"2.730 

"2.760 

2.15 

"2.885 

"2.600 

2.45 

"2,330 

"2.420 

19 

6  1.040 

6  1.400 

18 

6  1.015 

61.015 

22 

60.550 

6  0.500 

3.24 

"2.820 

"2.800 

2.18 

"  2.  960 

"2.575 

2.47 

"2.580 

"2.455 

21 

6  1. 130 

61.440 

21 

6  1.090 

60.990 

24 

6  0.600 

6  0.535 

3.26 

"2.810 

"2.775 

2.20 

"2.970 

"2.520 

2.50 

"2.590 

"2.450 

23 

6  1.120 

61.415 

23 

6  1.100 

6  0.935 

27 

6  0-610 

6  0.530 

3.30 

"2.810 

"2.750 

2.22 

"2.955 

"2.510 

2.52 

"2.590 

"2.465 

27 

6  1. 120 

6  1.390 

25 

6  1.085 

60.925 

29 

6  0.610 

6  0.545 

3.35 

"2.805 

"2.760 

2.27 

"2.960 

"2.490 

2.54 

"2.600 

"2.470 

32 

61.115 

61.400 

30 

6  1.090 

6  0.905 

31 

6  0.620 

6  0.550 

3.37 

"2.815 

"2.  725 

2.36 

"2.955 

"2.475 

2.57 

"2.610 

"2.465 

34 

6  1.125 

6  1.435 

39 

6  1.085 

6  0.890 

34 

6  0.  630 

6  0.545 

3.42 

"2.800 

"2.725 

2.44 

"2.945 

"2.515 

2.59 

"2.635 

"2.435 

39 

6  i.  110 

6  1.  435 

47 

6  1.  075 

6  0.930 

36 

60.655 

6  0.515 

3.58 

"2.765 

"2.620 

4.4 

"2.850 

"2.325 

3.1 

"2.670 

"2.435 

55 

6  1.  075 

61.260 

127 

6  0.980 

6  0.740 

38 

6  0.690 

6  0.575 

4.05 

"2.765 

"2.610 

3.4 

"2.675 

"2.  410 

62 

6  1.  075 

6  1.  250 

41 
3  6 

43 
3.8 

45 
3.10 

47 
3.19 

56 
3.21 

58 
3.23 

60 
4.30 

67 

6  0.695 
"2.710 
6  0.730 
"2.715 
6  0.735 
"2.730 
6  0.750 
"2.740 
6  0.760 
"2.725 
6  0.745 
"2.690 
6  0.710 
"2.485 
6  0.505 

6  0.490 
"2.435 
6  0.515 
"2.410 
6  0.490 
"2.405 
6  0.495 
"2.400 
6  0.480 
"2.270 
6  0.350 
"2.195 
6  0.275 
"2.050 
6  0.130 

<;21min. 

■■2Imin. 

c23min. 

clOmin. 

c56min. 

c  38  min. 

"  .-Vctual  length  of  axis  at  time  measured. 
6  Change  In  length  of  axis  after  the  eye  is  exposed  to 
indicated  to  left  in  time  column. 

c  Time  required  for  each  axis  to  reach  a  maximum  length 


of  adrenalin  solution  for  1  he  number  of  minutes 
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Table  XXII. — Mydriatic  action  of  synthetic  dl-adrenalin. 
EXCISED  FROG'S  EYE. 


Experiment  57a. 
1: 125,000. 

Experiment  60a. 
1:625,000. 

Experiment  62a. 
.     1:3,125,000. 

Time. 

Long 
axis. 

Short 
axis. 

Time. 

Long 
axis. 

Short 
axis. 

Time. 

Long 
axis. 

Short 
axis. 

A.  m. 

M.m. 

M.  m. 

A.  m. 

M.m. 

M.  m. 

A.  m. 

M.  m. 

M.  m. 

9.57 

0  2.215 

O2.020 

10.43 

o  1.930 

o  1.870 

11.5 

0  2.515 

O2.550 

10.4 

0  2.255 

0  2.035 

10.45 

OL995 

o  1.915 

11.28 

0  2.285 

0  2.190 

0  2.175 
o2. 175 

01.920 

11.11 

0  1.950 

o  1.650 

11.35 
11.55 

O2.240 
o  2.  030 

O2.140 

o  1.  765 

10.42 

11.29 

O2.110 

0 1.750 

11.53 

o  1.905 

0  1.640 

P.  m. 
12.32 

O2.160 

o 1.975 

11.31 

In  adrenalin. 

11.55 

In  adrenalin. 

12.37 

In  adrenalin. 

11.33 

6  2.230 

6  1.900 

11.57 

6  2.010 

6 1.  745 

12.41 

62.350 

6  2.160 

2 

c  0. 120 

CO.  150 

CO.  105 

CO.  105 

4 

CO.  190 

CO.  185 

11.35 

6  2.305 

6  1.915 

P.  m. 

12.43 

6  2.410 

6  2.285 

4 

<:  0.195 

CO.  165 

12.3 

6  2.075 

6  1.800 

6 

CO.  250 

c  0.310 

11.39 

6  2.405 

6  2.045 

8 

CO.  170 

CO.  220 

12.52 

6  2.520 

6  2.420 

8 

c  0.295 

c  0.295 

12.10 

62.090 

6  1.910 

15 

c  0. 360 

c  0. 445 

11.43 

6  2.435 

6  2. 180 

15 

CO.  185 

CO.  270 

12.54 

62.535 

6  2.390 

12 

f  0.325 

c  0. 430 

12.25 

6  2.140 

61.890 

17 

c  0. 375 

CO.  415 

11.53 

6  2.485 

6  2. 240 

30 

CO.  235 

CO.  250 

1.6 

6  2.495 

6  2.335 

22 

CO.  375 

CO.  490 

12.29 

6  2.190 

61.870 

29 

CO.  335 

CO.  360 

12.00 

6  2.  475 

6  2.245 

34 

CO.  285 

CO.  230 

1.12 

6  2. 490 

6  2.310 

29 

CO.  365 

CO.  495 

12.40 

6  2.225 

6  1.885 

35 

CO.  330 

CO.  335 

P.  m. 

45 

CO.  320 

c  0. 245 

1.27 

6  2. 465 

6  2.280 

12.3 

6  2.515 

6  2.235 

12.46 

6  2.230 

6  1.920 

50 

CO.  305 

CO.  305 

32 

CO.  405 

CO.  485 

57 

CO.  325 

c  0.280 

1.44 

6  2.520 

6  2.335 

12.7 

6  2.470 

6  2.185 

12.58 

6  2.250 

6  1.870 

67 

CO.  360 

CO.  360 

36 

c  0.360 

CO.  435 

63 

CO.  345 

CO.  230 

1.56 

6  2.515 

6  2.375 

12.21 

6  2.505 

6  2.175 

1.1 

6  2.240 

6  1.935 

79 

CO.  355 

CO.  400 

50 

CO.  395 

CO.  425 

60 

CO.  335 

CO.  295 

2.19 

6  2.485 

6  2.240 

12.24 

6  2,605 

6  2.215 

1.6 

6  2.265 

6  1.  990 

102 

CO.  325 

CO.  265 

53 

CO.  495 

CO.  465 

71 

CO.  360 

CO.  350 

2.30 

6  2.570    22.8° 

6  2.300 

12.30 

6  2.610 

6  2.240 

1.9 

6  2.295 

6  2.025 

113 

CO.  350     C. 

CO.  325 

59 

CO.  500 

CO.  490 

74 

CO.  390 

CO.  385 

2.39 

6  2.510 

6  2.305 

12.34 

6  2.655 

6  2.230 

1.18 

6  2.225 

6  1.  940 

122 

CO.  350 

CO.  330 

03 

CO.  545 

CO.  480 

83 

c  0.  320 

CO.  300 

2.56 

6  2.410 

6  2.300 

12.36 

6  2.690 

6  2.245 

1.23 

6  2.005 

6  1.940 

139 

CO.  250 

CO.  325 

65 

CO.  580 

CO.  495 

88 

c  0.300 

CO.  .300 

3.18 

6  2.510 

6  2. 340 

12.40 

6  2.740 

6  2.240 

1.39 

6  2.145 

6  1.  750 

161 

CO.  350 

c  0. 365 

69 

CO.  630 

CO.  490 

108 

c  0. 240 

CO.  110 

3.31 

6  2.385 

6  2.185 

12.50 

6  2.830 

6  2.290 

1.48 

6  2.145 

61.845 

174 

CO.  225 

CO.  210 

79 

CO.  720 

CO.  540 

113 

c  0.  240 

c  0. 205 

.3.45 

6  2.400 

6  2.255 

12.54 

6  2.845 

6  2.345 

188 

CO.  240 

CO.  280 

&3 

CO.  735 

c  0.  595 

4.18 

6  2.445 

6  2.255 

a  Actual  length  of  axis  measured  In  2  c.  c.  of  Ringer  solution  at  23**  C. 
b  Actual  lengtli  of  axis  at  time  measured. 

c  Change  in  length  of  axis  after  the  eye  is  exposed  to  2  c.  c.  of  adrenalin  solution  for  the  number  of  minutes 
Indicated  to  left  In  time  column. 
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Table  XXII.  —  Mydriatic  action  of  synthetic  dl-adrenalin — Continued. 
EXCISED  FROG'S  EYE— Continued. 


Experiment  67a. 
l;  125,000. 

Experiment  60a. 
1:626,000. 

Experiment  62a. 
1:3,125,000. 

Time. 

Long               Short 
axis.                 axis. 

Time. 

Long               Short 
axis.                axis. 

Time. 

Long                Short 
axis.                 axis. 

11.31 

In  adrenalin. 

11.55 

In  adrenalin. 

12.37 

In  adrenalin. 

P.m. 

M.  m.               M.  m. 

P.m. 

M.  m.            M.  m. 

Y.  m. 

M.  m.                M.  m. 

1.6 

<i2.850             02.355 

221 

60.285             60.280 

95 

6  0. 740             *  0. 605 

1.8 

"2.860              02.375 

97 

6  0.  750              (■  0. 625 

1.22 

a  2. 950              0  2.465 

111 

6  0.840              6  0.715 

1.27 

0  2.945              O2.570 

116 

60.835              60.760 

1.33 

o2.925              0  2.540 

122 

6  0.815              6  0.790 

1.53 

0  2.930              O2.530 

142 

6  0.820              6  0.780 

2.1 

O2.970              0  2.540 

150 

6  0.860              6  0.790 

2.4 

02.980              02.54S 

153 

6  0.870              6  0.795 

2.17 

0  2.905              0  2.495 

166 

6  0.795              6  0.745 

22.23 

O2.950              O2.500 

.  172 

6  0. 840              6  0. 750 

2.26 

02.965              O2.540 

175 

60.855             60.790 

2.32 

O2.970             O2.520 

181 

6  0.860             6  0.770 

2.43 

O2.920              02.500 

192 

6  0.810              6  0.750 

2.52 

02.935              02.500 

201 

60.825              60.800 

2.54 

0  2.945              0  2.575 

203 

60.835              60.825 

2.57 

0  2.955              O2.540 

200 

6  0.845              6  0.790 

3.9 

0  2.795              0  2.540   J 

218 

6  0.  085                6  0.  790 

<:  1,53  mm.    c203mm. 

':74min.       c74  min. 

c67min.     c79min. 

a  Actual  length  of  axis  at  time  measured. 
6  Change  in  length  of  axis  after  the  eye  is  exposed  to  2  c. 
minutes  indicated  to  left  in  this  column. 
oTlmo  required  for  each  axis  to  reach  a  maximuni  length. 


of  adrenalin  solution  for  the  i 
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Table  XXIII. — Mydriatic  action  nf  synthetic  dl-adrcnalin. 

EXCISED   FROG'S   EYE. 


Experiment  39b. 
1:  2,000. 


Experiment  43b. 
1: 25,000. 


A.  m. 
10.24 


M.  m. 
12.165 


M.  m. 
1 1.650 


2.51 
2.54 


M.  m. 
0  2.000 


A.m. 
10.16 


M.  m. 
0  1.950 


M.  m. 
0  1.660 


Time 
in  ad- 
renalin 
solution. 


Time 
in  ad- 
renalin 
solution. 


M.  m.  M.  m. 

i>  0.230  6  0.140 

6  0.285  6  0.315 

6  0.390  23.8°  6  0.530 

6  0.050  C.      6  0.815 

6  0.885  23.0°  6  1.113 

6  1.015  C.      6  1.2S0 

6  1.  060  6  1.  325 

6  0.  990  23. 1°  6  1.  305 

6  0.950  C.      6  1.275 

6  0. 935  6  1. 270 


M.  m. 
6  0.105 
6  0.400 
6  0. 620 
6  0.700 
6  0.785 
6  0.  975 


^f.  m. 
6  0. 390 
6  0.  795 
6  0. 945 
61.025 
6  4.965 
61.080 


6  1.010  23.9°  6  1.1 


6  0.965 
6  0. 910 
6  0.865 


6  1. 130 
6  1. 180 
6 1. 195 
6  1.205 
6  1. 170 


6  0.815  23.8°  6  1.140 


^f.  m. 

60.000 

6  0.050  21.2° 

6  0.090      C. 

6  0. 160 

6  0.250 

6  0. 310 

60.385 

6  0.450 

6  0.  615 

6  0.  740 

6  0.780 

6  0.825  21.2° 

6  0.890     C. 

6  0.915 

6  0.935 

6  0.  970 

6  0. 990 

6  1.045 

6  1.050 

6  1.085 

6  1. 110 

61.123 

6  1.  145 

6  1.175  21.6° 

6  1.225     C. 

6  1.210 

6  1. 205 


M.  m. 
6  0. 105 
6  0.275 
6  0.490 
6  0. 490 
6 1. 175 
6  0.185 
6  0.915 
6  1.045 
6  1. 175 
6  1.310 
6  1.330 
6  1. 365 
6  1.400 
61.455 
6  1.515 
6  1. 515 
61.555 
6 1. 605 
6  1.585 
61.610 
6  1. 640 
61.660 
61.685 
61.665 
61.685 
61.685 
61.065 


o  The  actual  length  of  the  axes  are  given  only  for  the  first  and  last  reading  while  in  Ringer  at  23." 
6  Represent  the  increase  in  length  of  the  axis  after  exposure  to  adrenalin  solution  for  the  number  of  i 
utes  indicated  to  the  left  in  the  time  column, 
c  Time  required  for  each  axis  to  reach  a  maximum  length. 
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Tahi-k  XXIV.  — Mydriatic  (ulion  of  synthclic  dl-  adrenaCm. 
EXCISED  FROG'S  EYE. 


Experiment  -iib. 
1:125.000. 

Experiment  46b. 
1 :  625,000. 

Experiment  47b. 
1:3,125,000. 

Tim.'. 

Long                  Short 
axis.                   axis. 

Time. 

Long                  Short 
axis.                   axis. 

Time. 

Long                  Short 
axis.                   axis. 

A.  m. 
9.30 

Jif.ro.               Jif.m. 
"  1. 820             a  1.  230 

A.  m. 
10.4 

M.m.              M.m. 

a  1.  940                 a  1.  B30 

A.m. 
10.4 

M.m.              M.m. 
"2.200             "2.250 

9.47 

"1.805     20.8°  "1.165 
C 

10.48 

o  1.  875               <■  1.  475 

11.20 

"1.670             "1.125 

9.48 

In  adrenalin. 

10.50 

In  adrenalin. 

11.2-2 

In  adrenalin. 

Time 

in  ail- 

renalin 

solution. 

Increase  in  length  of 

Time 
in  ad- 
renalin 
solution. 

Increase  in  length  of 
axes. 

Time 
in  ad- 
renalin 
solution. 

Increase  in  length  of 
axes. 

Min- 
utes. 

Long                  Short 
axis.                   axis. 

Min- 
utes. 

Long                   Short 
axis.                   axis. 

Min- 
utes. 

Long                   Short 
axis.                   dxis. 

mm.                     mm: 

mm.                   mm. 

mm.                     mm. 

4 

'10.105             6  0.090 

4 

6  0.035             6  0.105 

4 

6  0.015    23.  2°  6  0.000 

7 

60.085             60.095 

0 

6  0.  165             6  0. 210 

10 

6  0.010       C       6  0.145 

9 

6  0.045              6  0.150 

14 

60.245              6  0.310 

21 

60. 040                   

11 

6  0.  090              6  0.  190 

27 

6  0.110              6  0.110 

32 

6  0  300               6  0  400 

14 

6  0.  090              6  0.  325 

31 

6  0.095    23.0°  6  0.035 

41 

6  0.  190               6  0.  155 

IB 

6  0.130   20.8°  6  0.395 

53 

6  0.060       C      6  0.035 

49 

6  0.130               6  0.130 

22 

6  0. 160      C      6  0.  470 

73 

6  0.  125                6  0.  070 

TO 

6  0.185                6  0.210 

25 

6  0.175   21.0°  6  0.495 

77 

6  0.130                6  0.070 

89 

6  0  170               6  0.115 

28 

60.270      C      60.560 

91 

6  0.140                6O0li0 

103 

6  0.200               6  0.145 

30 

6  0.270              6  0.620 

106 

6  0.175                6  0.065 

115 

6  0  235                6  0.240 

.32 

6  0.320              6  0.650 

113 

6  0.  160                6  0.  040 

127 

60.190               60.115 

35 

6  0.350              6  0  670 

133 

6  0  200      22.  4°6  0.075 

1.30 

6  0  195              6  0.120 

37 

6  0.350              6  0.700 

156 

6  0  330         C     6  0.  090 

149 

6  0.1.30    22.  ,3°  6  0.030 

41 

6  0.395   21.4°  6  0.720 

160 

6  0.340                6  0.  1.S5 

163 

6  0.035      ('      6a0,';5 

47 

60  485      C      60.800 

179 

6  0.325                6  0.120 

169 

6  0.0.50               6  0  005 

52 

60.490              60.800 

182 

6  0.325    22.4°  6  0.  120 

\m 

6  0.130                6  0.080 

59 

60.460              60.785 

199 

6  0.350       C       6  0.125 

192 

6  0.175                6  0.140 

62 

6  0.470              6  0.805 

224 

6  0.430              6  0.130 

209 

60.195              6  0.155 

S4 

6  0.485              6  0.815 

238 

6  0.425              6  0.140 

234 

6  0.215              6  0.230 

67 

6  0.510              6  0.830 

264 

6  0.495   22.8°  6  0.190 

249 

6  0.  280              6  0.  285 

72 

6  0.510              6  0.845 

289 

6  0.500      C      6  0.195 

275 

6  0.225              6  0.365 

82 

6  0.555              6  0.875 

390 

6  0.535              6  0  260 

312 

6  0.180   24.6°  6  0.265 

95 

6  0.520    22.0°  6  0.740 

344 

6  0.505              6  0.290 

427 

6  0.115       C      6  0.175 

107 

60.565      C      60.805 

367 

6  0.55.^              6  0.315 

109 

60.580              60.860 

477 

6  0.470              6  0.305 

123 

60.585              60.775 

491 

6  0  250   22.4°  6  0.295 

125 

6  0.620              60.795 

520 

6  0.230      C      6  0.285 

136 

60.650              60.785 

548 

6  0.175              6  0.215 

138 

6  0.6«0               6  0.825 

161 

6  0.  685                6  0.  900 

n  The  actual  length  of  the  axis  is  given  only  for  the  first  and  last  riiading  while  in  Kinger  at  23.  23°. 
6  Uepresent  the  increase  in  length  of  the  axis  after  exposure  to  adrenalin  .solulion  for  the  number  of 
minutes  indicated  to  the  left  of  the  time  column. 
177— Bull.  55— ()9 5 
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Tahlk   XXIV.      Mi/drialir  arlioii  i,J  ai/iitliclir  dl-adrciKilin-  Coiiliiiucil. 
KXCISEI)   inuXi'S  KYE-  (•ontiiiiiwl. 


£xperiment  47l>. 
1:3.125,0(». 


mm. 

a  0,  720 
<i  0.  (i95 
"  0.  705 
o  0.  750 
■I  0.  750 


mm. 
a  0. 955 
0  0.955 
"  1.  040 
a  1.  no 
a  1.  UO 
u  1.  ISO 
"  1.  200 


a  0.  740 
a  0.  740 
"  0.  795 
u  0.  S15 
"  0.  915 
a  0.  930 
a  0.  980 
a  0.  980 
i  o  0.9X0 
I10.9.S0  0  1.375 

a  0.  9S5  22.  Ii°  "  1.  335 
110.985  C  11.335 
0  0.955  0  1.325 


"  1.  275 
'■  1.  285 
a  1.  310 
a  1.  335 
"  1.  355 
0  1.375 


'IMine 

in  ad-    i    Increase  in  leiiKlh  of 
renalin  axes, 

solution. 


Time 

in  ad-    i    I  iicroaNe  in  length  of 
rcnalin  axes, 

solution. 


'i332min.  i>3r,9mu 


'.^tumin.  ''3t'/ 


i'243inin.  6275inin. 


-a  Represents  tlie  increase  in  length  of  the  axis  afler  exposure  lo  adrenalin  soiulion  for  the  nunilxT  of 
jininutes  indicated  to  the  left  in  the  time  coliuiin. 

I"  Time  required  for  each  axis  to  reach  a  maximum  lenslh. 

It  is  difficult  to  determine  the  relative  mydriatic  activity'  of  these 
two  piotlucts  l)y  simply  comparing  the  result-s  obtained  with  ej^es 
from  difi'erent  frogs,  for  when  this  is  done  the  indivithial  variatitms 
are  so  great  that  the  general  average  of  the  dilation  times  is  about 
the  same  for  like  concentrations  as  is  shown  l>y  taking  an  equal 
number  of  readings  from  groups  of  eyes. 

Synthetic.  1    Natural. 


1: 1,000  . . 
1:2,000  .. 
1:5,000  ... 
1:25,000.. 
1:12.5,000. 
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If  ono  were  to  use  those  (iguics  to  decide,  the  uidicatioii  would  he 
I  !inl  the  naturiil  I-  and  s-vntlief  ic  dl-  pro(hiets  Imve  an  equal  mydriatic- 

.K  I  inn. 

As  is  shown  in  a  study  of  large  luunbers  of  eyes  a  1  : 2,000  solution 
m:i\  in  certain  cases  bring  about  niaxinuun  dilation  iti  as  short  a 
iiiiU'  as  a  1:1,000  solution,  and  in  rare  instances  a  1  lo.OtW  solution 
iniiy  compare  very  favorably  with  a  1:1,000  solution,  and  thus  throw 
iiiiiic  or  less  doubt  upon  such  tleterminations  as  agree  with  results 
Ml>i;iined  by  the  blood-pressure  metiiod.  This  criticism  holds  for 
,  \ .  s  of  ilifTeient  frogs;  but  it  does  not  hold  wlien  comparing  a  1 : 1,000 
solution  with  a  1:5,000  solution  upon  the  right  eye  and  left  cj^e  of 
the  same  frog.  In  this  case  a  series  of  experiments  will  quickly 
'I.  I  ermine  which  is  the  stronger  of  the  two  solutions,  and  by  proper 
<  iit'cking  against  a  solution  of  known  strength  the  approximate 
strength  of  the  unknown  can  be  determined.  All  later  experiments 
with  the  pupil  indicate  that  the  relative  activity  for  natural  1-  and 
synthetic  dl-  adrenaUn  is  about  the  same  as  determined  by  blood- 
pressure  experiments.  In  experiment  75  the  right  eye  was  placed 
in  a  1 :  40,000  solution  of  natural  1-  adrenaUn,  the  left  in  a  1 :  40,000 
solution  of  synthetic  dl-  adrenalin.  The  former  cUlated  to  a  maxi- 
mum in  twenty-seven  miiuites;  the  latter  in  fortj^-six  minutes. 
Tlie  pupils  were,  then  placed  in  several  changes  of  fresh  Ringer, 
whereupon  they  gradually  constricted.  Upon  placing  them  again 
in  fresh  1:40,000  solutions  the  right  eye  dilated  in  the  natural  1-  in 
sixty-eight  minutes  and  the  left  eye  in  S3rnthetic  dl-  in  eighty  minutes. 
This  and  similar  experiments  now  in  progress  illustrate  in  a  general 
way  the  relative  mydriatic  action  of  these  two  compounds  much 
more  truly  than  is  illustrated  in  a  summaiy  of  my  older  experiments. 

In  conclusion  it  may  be  said  that  a  method  for  the  standardizing 
of  adrenalin  preparations  which  involves  the  idea  of  minimum 
doses  is  unreliable.  The  pupil  method  is  no  exception  to  this  rule, 
for  minimum  doses  are  even  more  uncertain  in  their  action  upon  the 
frog's  eye  than  they  are  in  blood-pressure  experiments.  It  may  be 
a.ssumed  that  adrenaUn  acts  upon  muscle  much  as  does  a  tetanic 
stinudus,  in  which  case  to  secure  comparative  results  upon  a  given 
nuiscle  the  stimulus,  preferably  an  optimal  one,  must  Ix;  of  like 
intensity  and  duration.  In  any  case  the  pupil  reacts  at  difl'erent 
rates  with  dill'erent  concentration  of  adrenalin.  And  the  time 
required  for  dilation  seems  to  be  a  better  index  to  the  strength  of 
chemical  stinmlus  than  the  amount  of  dilation.  Wheti  the  time  inter- 
vening between  the  moment  of  stinmlation  and  tiiat  of  maximum 
dilaticm  is  chosen  as  the  unit  results  may  be  obtained  that  compare 
very  favorably  with  those  obtained  in  blood-pressure  experiments. 
The  synthetic  dl-  adrenalin  lias  about  t  lie  same  activity  as  is  indicated 
by  the  l)l()od-picssure  and  toxicity  experiments  already  discussed. 


THHOKiniCAL. 

In  reading  the  literature  on  the  active  substance  of  the  adrenal 
gland  one  is  impressed  witli  the  difFerencc  of  the  doses  said  to  be 
lethal  and  of  the  amount  of  substance  cited  as  the  minimum  dose 
necessary  to  cause  a  rise  of  blood  pressure.  These  variations,  I 
believe,  are  to  be  explained  in  part  by  (hfl'erences  of  technique  but 
more  especially  by  varying  amounts  of  adrenahn  in  the  preparations 
used  by  the  different  observers.  Certainly  in  experiments  antedat- 
ing 1900  the  various  workers  must  have  been  using  at  best  only 
mixtures  of  adrenalin  and  other  substances  or  compounds  of  adrena- 
lin itself.  Even  the  epinephiin  used  by  Amberg  seems  to  have  had 
a  relatively  low  degree  of  toxicity.  However,  the  experiments  with 
epinephrin  are  worth  repeating;  perhaps  there  was  some  error  in 
determining  the  lethal  dose.  If  epinephrin  proved  to  have  all  of  the 
properties  of  the  pure  base  now  known  as  adrenahn  it  would  be  pos- 
sible to  adopt  this  name  for  the  active  substance  of  the  adrenal  gland, 
which  from  many  stantlpoints  is  to  be  preferred  above  all  others.  As 
stated  earlier  in  this  paper,  Battelli  worked  with  an  unusually  pure 
prodiict,  and  wliile  it  is  not  altogether  safe  to  compare  residts 
obtained  with  animals  so  widely  different  as  mice  and  rabbits  still 
it  is  interesting  that  the  lethal  doses  given  in  this  paper  and  those 
cited  by  Battelli  are  veiy  nearly  alike,  viz.,  8  to  10  milUgrams  per 
kilogram  for  subcutaneous  injections. 

It  is  also  interesting  that  the  relative  pharmacological  activity  of 
the  four  compounds,  as  determinetl  by  any  given  method — say  blood 
pressure,  toxicity,  or  pupil  experiments — should  bear  to  each  other 
a  I'ather  definite  ratio.  And  when  the  difference  in  relative  degree 
of  toxicity  or  of  vaso-constrictor  activity  seems  to  be  closely  asso- 
ciated with  certain  groups  in  the  molecule  or  to  contain  arrangements 
of  these  groups  in  space  it  becomes  verj-  suggestive  from  a  theoretical 
standpoint. 

As  already  pointed  out  the  natural  l-adreiialin  has  a  vaso-constric 
tor  action  one  and  a  half  times  as  powerfid  as  synthetic  dl-adrenalin 
and  neaily  the  same  action  as  ortho-dioxj^-phenjd-ethanol-aniii 
(arterenol),  but  eighty  times  as  powerful  as  ortho-ethjd-amino 
dioxy-aceto-phenon.  (homorenon),  thus  making  the  relative  activity 
of  these  substances  to  each  other  as  the  inverse  ratio  of  1 :  15: 1 :  80 
If,  on  the  other  hand,  the  relative  toxicity  of  the  substances  jus 
named  be  compared  it  will  be  found  that  they  are  to  each  other  a; 
the  inverse  ratio  of  1 :  (1.5-2) :  5:  (71-80).  In  comparing  these  ratio; 
it  will  be  .seen  that  they  are  nearly  alike,  the  divergence  being  ii 
that  part  of  the  toxicity  ratio  pertaining  to  arterenol.  Tliis  product 
though  causing  nearly  the  same  rises  of  blood  ])ressure  as  the  natura 
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l-hase,  is  much  loss  toxic.  It  would  seem  that  the  suljstitutiou  of 
liulrogen  of  tlic  amino  group  by  a  methyl  or  ethyl  <!;roiip  increases 
ilie  toxicity;  certainly  the  etliyl  group  does  this,  as  is  shown  by  the 
iiicreased  toxicity  of  1-  and  dl-  adrenalin.  It  would  be  interesting 
I  CI  test  the  effect  of  using  different  alkyl  groups  in  displacing  the 
liytlrogen  of  the  amino  group  for  1  am  cpiite  certain  that  if  other 
i.idicles  or  more  of  them  were  introduced  the  toxicity  would  be 
_'rcatlj"  altered. 

I'he  four  com])ounds,  all  catechol  derivatives,  possess  pharmacolog- 
'  al  ([uahtative  properties  that  are  very  nearly  identical,  but  their 
<  I  iiantitative  properties  differ  widely.  Wliat  is  the  key  to  tliis  quanti- 
I J  t ive  difference  ?  Dakin  ami  others  have  attributed  the  similarity  in 
action  to  the  catechol  radicle,  wliich  is  essential  to  produce  a  rise  of 
blood  pressure.  Dakin  would  divide  the  adrenalin  molecule  into  two 
parts,  the  catechol  nucleus  and  the  side  chain,  oxj-ethylmethylam- 
ine.  It  was  first  shown  that  catechol  itself  is  quite  active  and  that 
methyl-amino-acetyl-catechol  is  still  more  hke  ach-enalin.  Further- 
more, it  was  observed  that  if  the  hydrogen  of  the  hydroxyl  groups 
were  displaced,  tliis  compound  became  inactive.  Then,  again,  the 
methyl  ether  of  catechol  is  inactive.     Xow,  in  the  three  compounds — 
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wo  have  a  good  ilhistratioii  of  tho  effects  of  changing  the  composi- 
tion of  the  side  chains.  In  (1)  the  composition  is  tho  same  as  (2), 
witli  the  exception  that  one  liydrogen  is  disphiccd  liy  tiie  methyl  grcjup 
while  in  (o)  one  hydrogen  of  the  amino  group  is  dLsjjlaced  hy  an  ethyl 
grouj)  and  tho  side  chain  joined  lo  tlie  catechol  nucleus  through  a  car- 
boxyl  group  instead  of  a  secondary  alcohol  group.  Evidently,  it  is  the 
nature  of  this  side  chain  that  determines  the  degree  of  activity  as 
well  as  its  relation.  I  agree  with  Dakin  in  his  contention  that  the 
hydrogen  atoms  of  the  h3^droxyl  groups  must  bo  unsubstituted,  that 
alkvl  groups  of  low  molecular  weight  tend  to  increase  the  activity 
much  more  efficiently  than  when  larger  molecules  are  introduced  into 
the  side  chain.  Indeed,  several  factors  seem  to  be  of  prime  importance 
in  determining  the  activit}'  of  catechol  compounds.  (1)  Whether 
the  substance  partakes  of  the  nature  of  a  ketone  or  of  a  secondary 
alcohol,  the  latter  being  the  more  active;  (2)  the  nature  of  the 
groups  displacing  the  H  of  the  amino  groups,  as  well  as  the  number 
of  displacements;  and  (3)  the  arrangement  of  the  asj^mmetric  carbon 
atom  in  space,  the  lajvo  arrangement  usually  being  an  index  of  tlic 
greater  activity.  At  least  this  is  borne  out  by  my  own  results  and 
by  the  results  of  Cushny  and  others. 

With  the  theory  that  these  are  the  tletermining  factors  in  modifying 
the  vaso-constrictor  action  of  such  compounds  it  is  hoped  that  as  a 
working  basis  it  will  aid  in  a  more  extended  study  of  other  com- 
pounds possessing  ])hysiological  activity. 

CONCLUSIOXS. 

1.  The  blood-pressure  method  witl^  dogs  under  morphint^-cther 
an£esthesia,  the  vagi  cut,  and  very  small  do.ses  of  curare,  is  the  most 
accurate  pharmacological  assay  for  catechol  derivatives. 

2.  The  pupil  method  as  modified  by  the  author  is  a  reliable  assay 
for  adrenahn  but  less  delicate  and  more  tedious  than  the  blood- 
prossure  method. 

3.  Sjmthetic  dl-nchennlin  is  le.ss  active  as  a  vaso-constrictor  and  as 
u  mydriatic  than  natural  1-adrenalin,  the  ratio  being  2:3. 

4.  Tho  relative  vaso-constrictor  activity  of  the  catechol  derivatives 
in  the  order  named,  1-  and  dl-,  ortho-dioxyphenylethanolmethylamiii, 
ortho-dioxyphenylethanolamin  and  ortho-ethylaminodioxyacetoplu'- 
non  are  to  each  other  as  the  inverse  i-atio  of  1 :1..5:1 :80. 

5.  The  toxicity  of  the  substances  in  the  order  named  in  (4)  are  to 
each  other  as  the  inverse  ratio  of  1:  (1.5  to  2):5:(71  to  80). 

6.  The  relative  physiological  activity  of  these  catechol  derivatives 
seems  to  (lopend  upon  the  substance  partaking  of  the  properties  of  a 
secondary  alcohol  or  of  a  ketone,  upon  the  nature  and  number  of 
grouj)s  displacing  the  lu'drogen  of  the  amino  group,  and  ujion  the 
arrangement  of  the  a.symmetric  carbon  in  space. 
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Milk  and  its  Relation  to  the  Public  Health. 

INTRODUCTION. 


By  Walter  Wyman, 
Surgron-Gciicral.  Public  Health  and  Marine-HnspUal  Service. 


)urinji:  Iho  last  few  ypars  iiifiPasing  attention  has  been  given  to 
k  in  its  relation  to  the  public  health.  This  is  especially  true  in 
United  States,  where  the  more  progressive  health  authorities  of 
larger  cities  and  many  of  the  States  have  been  instrumental  in 
rkedly  improving  their  milk  supplies. 

The  question  of  sanitary  milk  is  to  the  American  people  especially 
tinent.  Milk  is  perhaps  used  to  a  greater  extent  in  this  than  in 
7  other  country.  It  holds  a  j^eculiar  place  in  the  nation's  dietary 
;ause  of  its  varied  applicability.  Containing  as  it  does  all  the 
entials  of  a  perfect  ration,  proteids,  carbohydrates,  fats,  inorganic 
ts,  and  water,  it  is  capable  of  almost  universal  use.  Because  of 
s,  and,  in  addition,  its  facility  of  ingestion  and  comparative  ease 
digestion,  it  constitutes  an  important  food  for  the  sick  and 
ivalescent. 

Of  even  greater  importance  is  the  use  of  cow's  milk  as  a  substitute 
mother's  milk  in  infant  feeding.  It  will  be  perceived  that  those 
)st  dependent  upon  this  food^the  sick  and  convalescent-,  infants 
hildren — constitute  that  part  of  the  community  suft'ering  the 
eatest  injury  from  the  use  of  a  food  impaired  in  its  nutritive  con- 
it.  This  is  due  to  the  fact  that  they  are  least  able  to  resist  the 
rmful  effects  of  foods  contaminated  by  toxins  or  pathogenic  micro- 
ganisms.  "While  improved  conditions  of  living  have  contributed 
ii  steady  decrease  of  the  general  mortality  in  civilized  covmtries, 
is  unfortunately  does  not  apply  to  the  infant  population  under  one 
ar  of  age.  It  is  recognized  that  gastro-intestinal  disease  is  the 
rgest  single  factor  determining  infant  mortality,  a  condition  in 
■eat  measure  due  to  improper  methods  of  feeding.  This  enoi-mous 
ss  of  potential  wealth  is  of  grave  concern  to  the  State  and  "worthy 
I  most  careful  consideration.  It  is  especially  for  these  reasons  that 
le  question  of  sanitary  milk  and  its  relation  to  (he  public  health 
lallenges  our  best  endeavors. 

The  investigation  into  the  origin  and  prevalence  of  typhoid  fever 

the  District  of  Columbia  during  1906  by  a  board  of  medical  officers 

f  the  Public  Health  and  Marine-Hospital  Service  brought  out  many 

icts  evidencing  the  possible  danger  of  milk  as  a  carrier  of  this  dis- 

ise.  and  stimulated  investigation  and  renewed  activity  in  the  efforts 

secure  pure  milk  supply  in  the  District  of  Columbia. 
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This  investigation  and  the  work  of  the  Department  of  Agricultur 
concerning  the  milk  supply  at  the  farms  were  referred  to  in  a  lette) « 
to  the  President,  June  11.  1907,  by  Dr.  G.  Lloyd  Magi-uder,  of  T\^ish 
ington.  in  which  it  was  suggested  that  the  Bureau  of  Public  Healtl 
and  Marine-Hosjiital  Service  be  directed  to  make  an  investigation  o 
the  milk  industry  in  the  District  of  Columbia  from  the  farm  to  th 
consumer,  with  the  cooperation  of  other  departments." 

The  Surgeon-General,  being  called  upon  by  the  President  for  aiii 
opinion  as  to  whether  such  an  investigation  should  be  made,  replie(  i> 
affirmativeh'.  with  detailed  reasons  therefor,  and  with  special  recom 
mendations  as  to  cooperation  of  the  several  bureaus  in  the  Depart 
ment  of  Agriculture,  and  the  President  and  the  Secretaiy  of  thjl^i 
Treasury  thereujion  directed  the  said  investigation. 

In  order  to  properh'  stud}-  the  subject  as  it  exists  in  tlie  Disti.. 
of  Columbia,  it  was  deemed  necessary  to  treat  the  matter  from 
broad  point  of  view ;  that,  to  study  the  local  aspect  of  a  world-wid 
problem,  the  findings  and  experiences  of  others  must  necessarily  b  ^ 
considered.     In  many  respects  the  Federal  Government  has  peculi 
advantages  for  the  study  of  these  i:iroblems  which,  strictly  speakin 
are  not  confined  to  any  one  locality,  but  are  national  in  scope.     It  i 
therefore  incumbent  on  the  National  Government  to  assume  its  n 
sponsibilities  and  attempt  the  solution  of  scientific  questions  of  thi 
character  influencing  the  lives  and  health  of  its  citizens.    Because 
the  relation  the  Public  Health  and  ^larine-IIospital  Service  l)ears  t 
the  conservation  of  the  public  health  it  was  determined  to  make  tli' 
investigation  of  such  a  character  that,  in  addition  to  being  of  hu-; 
value,  it  would  also  be  of  assistance  to  health  officers  at  large.  ;iii 
especially  to  those  not  as  yet  provided  with  tiie  necessary  laboraloi' 
facilities  and  corps  of  workers  sucli  as  can  be  alforded  oidy  by  (1 
richer  and  more  densely  popidated  centers. 

It  luis  been  the  object  to  include  in  this  vohuue  all  avadablo  dat  s 
showing  (he  influence  of  milk  as  a  carrier  of  infection,  its  chemicili 
composition,  the  contaminations  found  therein,  their  influence  upo 
it  as  an  article  of  food,  and  the  measures  necessary  in  its  produi 
tion  and  handling  to  prevent  such  contamination. 

Milk  in  the  udder  of  a  liealtliy  cow  is  lai-ely  sterile,  but  wit 
proper  methods  can  occasionally  lie  rcinoxcd  in  small  (juantities  t'n 
from  micro-organisms.  In  this  condition  it  may  theoretically  1 
considered  normal  milk,  and  as  such  has  been  l<c|it  I'orover  twoye;ir 
But  this  is  not  the  milk  of  connncrcr.  In  the  healthy  cow,  milk  uim 
contain  organisms  while  still  in  the  ntldci-,  (U-  receive  its  initial  cui 
taniinalion  with  the  ()nniii)reseiit  microphyte  in  its  ])assage  throiijj 
the  ducts  of  the  animal's  teats.  This  may  be  considered  its  first  poii 
of  contact  with  (he  outer  world,  for  (Iiese  organisms  in  (he  liealdi 
animal  have  gained  access  to  (he  duc(s  from  witliou(.     .\t  every  o(hi 

"Aniiiml    Ci'porl,    I'tihllr    llciillli   mikI    .Miirhic  I  l.ispiliil    Si-rvl.<>.    I!MI7.    p.  ;!r.. 
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iiii!  of  contact  on  its  twelve  to  forty-eight  hour  journey  to  the  con- 
liiir  it  receives  additional  bacteria. 

.Milk  holds  a  peculiar  position  among  foodstuff's  in  that  it  is  an 

I  :cellent  medium  for  the  gi-owth  of  many  micro-organisms,  both  the 

1  -dinary  saj^rophytic  varieties  and  those  pathogenic  to  man.    These 

\\  ictors  often  produce  in  market  milk  an  enormous  bacterial  content. 

ikharbekoff'  found  that  in  St.  Petersburg  examination  of  samples  of 

ilk  as  delivered  to  the  houses  showed  the  presence  of  from  10,200.000 

« 1  Si>,300,000  bacteria  per  cubic  centimeter.    Samples  of  market  milk 

ii|    (liessen  have  shown  over  IGO.OOO.OOO  per  cubic  centimeter,  Xew 

ork  City  milk  as  high  as  35,200.000,  London  milk  31,888.000.     In 

ij'^ashington.  examinations  made  at  the  Hygienic  Laboratory  of  the 

blic  Health  and  Marine  Hospital  Service  during  the  summer  of 

A)  showed   a   maximum  of  307,800,000  and  an   average   bacterial 

mtent  of  22,134,289.     AVere  milk  transparent,  this  luxuriant  growtii 

ould  be  evident  to  the  naked  eye,  but  because  of  its  opacity  such 

l|)ntamination  occurs  unnoticed.     Fortunately,  most  of  these  organ- 

•ns  are  saprophytes,  but  there  are  good  reasons  to  believe  that  they 

(ay  elaborate  toxins,  rendering  milk  dangerous  as  a  food. 

It  is  evident,  from  a  broad  view  of  the  subject,  that  a  pure  and 

holesome  milk  supply  is  possible,  and  this  volume  contains  all  the 

liijecessaiy  information  to  attain  tiiat  end,  as  well  as  the  existing  stand- 

ds  of  jmrity  to  which  it  should  conform. 

The  three  cardinal  requirements,  {■lemilinens,  cold,  and  Kpeedy  tninn- 

ortdf  1(111  from  the  cow  to  the  consumer  must  be  observed,  and  the  cow 

'If  nuist  be  free  from  disease.     For  their  observance,  intelligence 

id  care  on  the  part  of  the  dairyman  and  milk  dealer  are  absolutely 

ir  ■iseiitiai. 

riic  bearing  of  all  these  points  upon  (lie  wholesomcness  of  milk, 

s  treatment  when  cimtaminated,  and  its  use  as  an  article  of  food, 

t^pccially  for  infants,  has  been  treated  in  detail  by  the  various  col- 

borators.    To  ascertain  how  serious  an  indictment  might  be  returned 

gair.st  milk  as  a  carrier  of  disease,  a  compilation  of  epidemics  pro- 

(fnced   l>y  this  means  has  been  made  by  Doctor  Trask.     lU'porls  of 

00  epidemics  have  been  abstracted  in  tabular  form  and  ajipcar  in 

I  lie  text.     These  are  only  the  few  that  have  i)eeu  reported  and  are 

ccessible  in  the  literature;  how  small  a  fraction  ol  all  cases  this  nnisl 

l)jie  can  only  be  surmised. 

Asa  result  of  large  exj)erience.  Doctor  L mIcu  dcMiibes  ho\v  llic 

nilk  supply  of  cilic'^  becomes  contaminated  with  lyplioid  Imcilli.  ami 
he  best  epidemiological  methods  of  ilelermining  the  indnem'c  of  milk 
sa  factoi- in  llic  |)r'>|iagation  of  (yi>hoi<l  fever. 

Widi  a    \  icw   Id  cjclerrnining  the  presence  or  absence  of  lub-'rcle 
Micilli  in  the  market  milk  of  Wa^llinglon.  Dodoi-  An.lcrx.n  examined 
mi— null.  :.(!(»!» — -j 
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272  samples  from  101  daii'ics.  He  found  that  fi.T'i  per  cent  of  (Ij 
samples  contained  tubercle  bacilli  virulent  for  guinea  pigs,  and  thai 
11  per  cent  of  the  dairies  whose  milk  was  examined  supplied  milk 
containing  these  micro-organisms  in  sufficient  number  and  virulemi' 
to  render  guinea  pigs  tulierculous.  The  milk  purchased  by  one 
charitable  institution  for  the  use  of  children  caused  tuberculosis  ii; 
the  animals  upon  which  it  was  tested. 

Evidence  of  this  character  again  emphasizes  the  necessity  of  apply- 
ing the  tuberculin  test  among  dair}'  herds,  and  taking  necessary  pic- 
cautions  with  respect  to  milk  of  doubtful  character. 

In  a  second  paper  Doctor  Anderson  summarizes  the  evidence  pmv- 
ing  that  Malta  fever  may  be  spread  by  infected  goat's  milk. 

A  peculiar  disease,  known  as  "  milk  sickness,"  is  described  by 
Doctor  McCoy.  Although  fortunately  rare  at  the  present  time,  casi  ^ 
continue  to  occur  in  the  mountainous  sections  of  Tennessee  and  else- 
where. 

Doctor  Stiles  shows  that  so  far  as  the  zoo-2)arasitic  diseases  of  man 
are  concerned,  there  is  little  to  fear  concerning  the  presence  of  sm  h 
parasites  in  milk. 

Statistical  studies  of  mortality  and  morbidity,  as  influenced  I'V 
milk,  have  been  made  by  Doctor  Eager.  He  gives  figures  to  proM 
that  the  high  infantile  mortality  nuiy  be  attributed  almost  entirely 
to  impure  milk. 

Doctor  Wiley  discusses  the  subject  of  ice  cream,  its  use  as  an  arti- 
cle of  food,  its  composition,  the  extent  to  which  it  may  be  con- 
taminated or  adulterated,  and  the  result  of  such  contamination  upon 
the  i)ublic  health.  He  also  refers  to  the  established  standards  govern- 
ing its  manufacture,  and  presents  evidence  to  show  their  reasonable-j 
ness  both  to  the  manufacturer  and  consumer.  | 

Doctors  Kastle  and  Roberts  give  a  general  survey  of  our  present  i 
knowledge  regarding  the  physical  and  chemical  characteristics  of  I 
milk,  as  well  as  the  chemical  changes  in  milk  brought  about  by  the 
action  of  heat  and  acids;  and  also  those  changes  accomplished  by  the 
action  of  enzymes  and  micro-oi-ganisms.  The  subject  of  milk  adul- 
teration is  also  considered.  It  has  been  shown,  as  the  result  of  origi- 
nal investigations,  that  the  milk  ferments  can  withstand  a  temjjera- 
ture  of  60°  to  65°  C.  for  some  time  without  material  injury.  Twelve 
per  cent  of  the  samples  of  Washington  market  milk  examined  were 
found  to  be  below  the  legal  standard,  3.7  per  cent  gave  evidence  of 
having  been  watered,  and  a  very  large  projxtrtiou  of  the  samples 
examined  contained  appreciable  quantities  of  dirt.  None  of  the 
sami)les  examined  contained  artificial  coloring  matters,  and  only  one 
contained  milk  preservatives. 


V,) 

Doctor  Roseuiiii  shows,  as  a  result  of  many  hundred  bucteriologic 
\;!niinations  of  the  mai-ket  milk  of  Washington  made  in  the 
lygienic  Laboratory,  that  for  the  most  part  it  is  old,  warm  and 
liity.  In  the  summer  of  1906  the  market  milk  contained  on  an 
i\(  rage  of  2-2,134,289  bacteria  per  cubic  centimeter,  and  was  delivered 
il  an  average  temperature  of  16.5°  C.  During  1907  the  average  was 
11.1)00,000  bacteria  per  cubic  centimeter,  and  temperatui-e  14.2°  C. 
riic  advantages  of  bacterial  counts  to  the  health  officer  and  to  the 
iractical  dairyman  are  pointed  out. 

As  a  result  of  original  investigations,  Doctor  Kosenau  and  Doctor 
Ml  Coy  demonstrate  the  causes  of  the  phenomenon  known  as  the  "  ger- 
micidal property  of  milk."  They  show  that  the  decrease  in  the  num- 
im  r  of  bacteria  in  fresh  milk  is  for  the  most  part  apparent,  not  real, 
aiul  further  that  the  restraining  action  of  milk  can  not  take  the  place 
uf  cleanliness  and  ice,  but  may  be  taken  advantage  of  in  good  dairy 
methods. 

Doctor  Miller  reviews  the  significance  of  leucocytes  and  strepto- 
ciK  ci  in  milk  and  points  out  the  unsatisfactory  state  of  our  knowledge 
concerning  their  sanitary  significance. 

Doctor  Mohler  points  out  that  probably  the  most  important  disease 
of  cows  from  the  standpoint  of  jjublic  health  is  tuberculosis,  and  that 
it  is  also  the  most  prevalent.  The  German  commission  on  tubercu- 
losis found  over  10  per  cent  (6  out  of  56)  cultui'es  of  tubercle  bacilli 
of  human  origin,  virulent  for  cattle.  In  a  similar  sei'ies  of  tests  con- 
'liicied  by  the  British  Royal  Commission  on  tuberculosis,  60  cases  of 
the  disease  in  the  human  being  were  tested  with  the  result  that  14 
were  claimed  by  this  commission  to  have  been  infected  from  bovine 
sources.  It  has  been  found  by  Schroeder  in  this  country  that  even 
wlwn  tubercle  bacilli  are  not  being  excreted  by  the  udder  the  dirt  and 
manure  of  the  stables  where  the  diseased  animals  are  kept  are  in  many 
cases  contaminated  with  tubercle  bacilli.  This  contaminated  material 
may  readily  infect  the  milk  even  though  it  comes  from  a  healthy  cow. 
I  In  a  recent  examination  at  the  Bureau  of  Animal  Industry,  Expei-i- 
ment  Station,  of  the  manure  passed  by  12  cows  purchased  from  dairy 
farms  in  this  city  and  infected  with  tuberculosis  to  an  extent  oidy 
demonstrable  by  the  tuberculin  test,  tubercle  bacilli  were  found  in 
over  41  per  cent  of  the  cases. 

Mohler  estimates  that  probably  25  per  cent  of  all  the  cows  which 
supply  milk  to  the  District  of  Columbia  are  tuberctdous.  He  fur- 
ther points  out  the  great  practical  value  of  the  tuberc'idin  test  and  in- 
sists that  all  milk  should  come  from  cither  tuberculin  tested  cattle  or 
be  subjected  to  pastetirization  under  the  supervision  of  the  Health 
Department  in  case  the  henl  is  not  tuberi-ulin  tested. 
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Mr.  Webster,  among  other  things,  emphasizes  the  vahie  of  the  sc(jn' 
card  in  the  sanitary  inspection  of  dairies  and  its  bearing  on  the  pin 
(hiction  of  clean  milk.  •  He  also  gives  21  very  useful  suggestions  con- 
cerning the  cows,  stables,  milk  houses,  and  methods  of  milking  and 
handling  milk. 

Doctor  Bolton  writes  of  the  dangers  fi"om  contaminated  water  suj)- 
plies  on  dairy  farms  and  shows  that  a  pure  water  supply  on  the  farm 
appears  to  jjresent  much  fewer  difficulties  than  the  same  problem  in 
towns.  Each  supply  presents  its  own  problem  which  must  be  solved 
for  itself,  with  proper  recognition  of  the  objects  to  be  aimed  at,  and 
these  are  purity,  abundance,  and  convenience. 

Doctor  Bolton  also  gives  the  methods  and  results  of  tiie  examination 
of  the  water  supply  of  dairies  supplying  the  District  of  Columbia. 
The  analysis  of  results  seems  to  show  that  there  are  comparatively  few 
water  supplies  on  the  dairy  farms  visited  which  are  free  from  sanitary 
objection,  but  in  spite  of  this  fact  it  is  nevertheless  probable  that  in 
many  or  most  cases  the  faults  can  be  rectified  with  little  expense. 

Doctor  Melvin  olfers  a  practical  solution  of  the  classification  of 
market  milk.  He  proposes  three  grades :  (1)  Certified  milk;  (2)  in- 
spected milk,  and  (3)  pasteurized  milk. 

Doctor  Kerr  gives  a  brief  outline  of  the  organization  and  conduct 
of  medical  milk  commissions  in  the  United  States,  established  to 
foster  the  production  of  "  certified  milk."  Emphasis  is  laid  on  the 
fact  that  the  plan  was  formulated  by  a  physician,  and  that  it  contem- 
plates the  sanitary  supervision  of  dairies  by  a  commission  appointed 
by  the  local  medical  society  for  the  jjiirpose  of  producing  j^ure  milk 
especially  for  the  use  of  infants  and  invalids.  In  this  paper  are 
included  copies  of  the  first  contract  entered  into  between  a  medical 
milk  commission  and  a  dairyman;  also  the  requirements  of  the  milk 
commission  of  the  medical  society  of  the  comity  of  New  York,  which 
contain  all  of  the  essential  rules  required  by  other  commissions  for 
the  production  of  pure  milk. 

It  appears  that  this  movement  has  been  a  potent  factor  in  improv- 
ing the  character  of  the  milk  supply  in  various  parts  of  the  coimtry, 
as  it  has  required  that  only  tuberculosis-free  cattle  should  be  used 
for  the  production  of  milk,  that  their  milk  should  be  cooled  to  a 
tempei'ature  of  45°  F.  and  transported  in  a  manner  so  that  it  reaches 
the  consumer  before  noticeable  biological  or  chemical  changes  have 
occurred  therein.  He  also  refers  to  the  founding  of  infants'  milk 
depots  in  the  United  States,  and  presents  in  tabulae  form  the  num- 
ber of  such  organizations  and  other  pertinent  information  relatingi^ 
thereto. 

The  important  subject  of  pasteurization  has  been  carefidly  studiei 
by  Doctor  llosenau,  who  points  out  its  advantages  and  discusses  its 


i 
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iiHonveniences.  He  recommends  60°  C.  for  twenty  minutes  as  the 
I"  -t  temperature  to  use  in  pasteurizing  milk,  as  this  degree  of  heat 
i-  sufficient  to  destroy  the  pathogenic  micro-organisms  without  de- 
vitalizing  the  milk  itself.  ■\Miile  pasteurization  is  not  the  ideal  to 
lie  sought,  practically,  it  is  forced  upon  us  by  present  conditions. 
It  ])revent.s  much  sickness  and  saves  many  lives — facts  which  justify 
its  use  under  proper  conditions.  It  is  recommended  that  in  large 
rniiununities  at  least,  jjasteurization  should  lie  under  direct  supervi- 
sidii  of  the  health  authorities. 

The  trend  of  our  modern  knowledge  upon  the  important  subject 
(if  infant  feeding  is  stated  in  Doctor  Schereschewsky's  article  on  this 
-ul)ject.  The  importance  of  breast  feeding  is  emphasized.  It  is 
-liown  that  the  caloric  needs  of  the  infant  must  be  considered  in 
I'lilcr  to  insure  success  in  artificial  feeding.  Some  of  the  errors  of 
furmula  feeding  are  pointed  out,  and  stress  is  properly  laid  ui^on 
the  disastrous  results  which  frecjuently  ensue  from  overfeeding,  espe- 
cialW  with  excessive  amounts  of  butter  fat.  Schereschewsky  believes 
that  there  is  no  relation  between  the  heating  of  milk  and  infantile 
scurvy,  and  shows  how  this  disease  may  result  from  qualities  in  the 
milk,  other  than  those  resulting  from  heating. 

In  the  last  three  articles  named,  as  well  as  elsewhere  in  this  bulle- 
tin, references  will  be  observed  to  the  achievements  of  Mr.  Nathan 
Straus  in  promoting  the  use  of  clean  pasteurized  milk  for  infants 
and  the  establishment  of  infants'  milk  dejoots  both  in  the  United 
States  and  abroad,  and  it  is  proper  here  to  give  recognition  to  his 
philanthropic  and  successful  efl'orts. 

Doctor  Woodward  describes  the  municipal  regulation  of  the  milk 
supply  of  the  District  of  Columbia.  He  recounts  the  hi.story  of  the 
development  of  the  milk  inspection  service,  which  consists  of  super- 
vision, inspection  of  dairies  and  dairy  farms,  and  inspection  of  the 
milk.  It  is  shown  that  these  measures  have  resulted  in  the  improve- 
ment of  the  milk  supply,  and  that  there  has  been  a  notable  reduction 
of  morbidity  following  their  inauguration. 

The  laws  and  ordinances  governing  the  supervision  of  milk  are 
given,  and  in  addition  copies  of  the  forms  of  reports,  etc.,  which  are 
of  value  to  those  having  supervision  of  milk  suj^plies. 

Acknowledgments  ai"e  here  made  to  Doctor  Woodward  and  the 
officers  of  the  Bureaus  of  Animal  Industry  and  ChemistiT  foi-  their 
hearty  cooperation  anil  contributions  upon  this  important  subject. 
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A   SECOND  EDITION. 

The  first  edition  of  this  bulletin,  which  was  issued  January,  1008, 
has  been  of  great  value  to  health  officers  and  others  interested  in 
improved  milk  supplies,  as  is  shown  by  the  enormous  and  constant 
demand  throughout  the  world  for  copies.  It  was  abstracted  by 
Mr.  Nathan  Straus,  and  the  ab.stracts  were  generously  distributed 
by  him  throughout  Europe  in  connection  with  his  propaganda  for 
safe  milk. 

The  first  edition  has  long  since  been  exhausted,  and  it  therefore 
becomes  necessary  to  publish  a  second  edition.  On  account  of  the 
short  time  since  the  first  edition  appeared  and  the  character  of  some 
of  the  data  relating  to  the  investigation,  especially  that  contained  in 
the  statistical  tables,  it  has  been  impracticable  to  include  the  corre- 
sponding statistics  for  the  year  1908.  The  limitations  of  the  volume 
have  jDrevented  the  inclusion  of  chapters  relating  to  certain  milk 
products,  although  discussion  dealing  with  butter,  dried  milk,  pre- 
pared milk,  and  milk  substitutes  would  be  of  value.  It  is  expected 
that  these  subjects  will  be  given  consideration  in  later  publications. 

Important  chapters  added  in  this  edition  include  a  discussion  of 
the  relationship  of  the  tuberculous  cow  to  public  health,  by  Dr.  E.  C. 
Schroeder,  of  the  Bureau  of  Animal  Industry.  In  this  article, 
Doctor  Schroeder  invites  attention  to  the  manner  in  which  tubercle 
bacilli  are  expelled  by  tuberculous  cattle,  the  technique  used  in 
demonstrating  bovine  tubercle  bacilli,  the  ways  in  which  tubercle 
bacilli  expelled  by  tuberculous  cows  get  into  milk,  and  the  dangers 
involved  therein. 

In  a  chapter  on  the  thermal  death  point  of  pathogenic  micro-organ- 
isms in  milk,  Surg.  M.  J.  Rosenau  concludes  that  the  heating  of  milk 
to  60°  C.  for  twenty  minutes  is  sufficient  to  destroy  the  tubercle 
bacillus,  the  diphtheria  bacillus,  the  cholera  vibrio,  the  dysentery 
bacillus,  and  the  Micrococcus  melitensis.  He  also  refers  to  recently 
enacted  laws  relating  to  pasteurization,  discusses  home  pasteuriza- 
tion, and  gives  directions  for  its  employment. 

Passed  Asst.  Surg.  John  F.  Anderson,  in  a  new  chapter,  deals  with 
the  relative  proportion  of  bacteria  in  top  milk  and  bottom  milk,  and 
its  bearing  on  infant  feeding. 

Dr.  II.  W.  Wiley,  Chief  of  the  Bureau  of  Chemistry  of  the  Depart- 
ment of  Agriculture,  has  also  contributetd  an  additional  chapter  on 
the  national  inspection  of  milk. 

It  is  a  pleasure  to  acknowledge  the  interest  shown  in  this  publica- 
tion, as  Avell  as  again  express  appreciation  to  Doctor  Woodward 
and  the  officers  of  the  Dej^artment  of  Agriculture  for  their  coopera- 
tion in  the  preparation  of  this  work. 


2.  MILK  AS  A  CAUSE  OF  EPIDEMICS  OF  TYPHOID 
FEVER,  SCARLET  FEVER,  AND  DIPHTHERIA. 
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MILK  AS  A   CAUSE  OF   EPIDEMICS   OF  TYPHOID  FEVER, 
SCARLET  FEVER,  AND  DIPHTHERIA. 


By  John  W.  Trask, 
Passed  AssistanI  Surgeon,  Puhlir  Health  and  Marine-Hospital  .sVrr) 


That  milk  may  play  a  part  in  the  spread  of  certain  diseases  has, 
for  many  years,  been  aj^preciated.  From  our  present  knowledge  the 
mure  important  of  these  are  typhoid  fever,  scarlot  fever,  diphtheria, 
mill  possibly  tuberculosis. 

Milk,  from  the  time  it  leaves  the  cow's  udder,  receives  from  its  sur- 
roundings bacteria  of  various  kinds.  Certain  of  these  organisms  come 
from  the  teats  of  the  cow  and  the  dust  and  dirt  of  the  stable,  and  are 
possibly  in  most  cases  harmless;  others  come  from  the  hands  of  the 
milker  and  those  handling  the  milk,  and  from  the  pails  and  cans  used 
for  milking,  storage,  and  transportation.  During  the  last  fifty  years 
there  has  been  piling  up  a  mass  of  evidence  which  would  seem  to  show 
that  milk  may  receive  from  man  the  specific  organisms  of  certain 
infectious  diseases,  and  that  these  organisms  may  retain  their  viru- 
lence for  some  time  and  produce  the  disease  in  susceptible  individuals 
drinking  the  raw  milk.  Many  epidemics  supposedly  spread  in  this 
way  have  been  reported  in  the  literature  since  1857.  Compilations  of 
these  cases  have  been  made  by  Hart "  in  England,  Schlegtendal ''  in 
Germany,  Car0e'^  in  Denmark,  and  by  Busey''  and  Kober,*"  R.  G.  Free- 
man f  and  H.  B.  Baker ''  in  this  country.' 

Up  to  1805  Hart,  and  Busey  and  Kober  had  collected  240  such  epi- 
demics. In  addition  to  these,  there  are  hei'e  pi'esented  260  compiled 
from  the  literature  and  from  special  reports.  (I  desire  here  to 
ackowledge  the  great  assistance  rendered  by  the  many  health  officers 

"Hart  (E.),  Transaotions  Internat.  Med.  Cong.  London,  1881,  IV,  401,  also 
Brit.  Med.  Jour.  Loud.,  1807,  1,  1167,  1229,  and  1292. 

''Schlegtendal,  Deut.  Vierteljahrsehr.  f.  Offeutl.  Gesundheitspflege,  1900,  Bd. 
XXXIL  2S7. 

'■Car0e  (K.),  Ugeskrlft  for  Laeger,  KobenUavn,  1898,  5  R.,  V,  p.  1009. 

''Busey  (S.  C.)  and  Kober  (G.  M.),  Report  of  Health  Oirieer  of  District  of 
(tolumbia,  1895,  p.  299. 

'Kober  (G.  .M.),  Senate  Doc.  441,  Fifty-seventh  CoiiKress.  1s(  session. 

/  Freeman  (R.  G.),  MeiUcal  Record,  N.  Y.,  189(>,  XLIX,  4:{3. 

"Baker  (IL  B.),  Annual  Report  MieliigaM  State  Board  of  Health,  1890. 
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and  other  physicians  who  so  kindly  responded  to  the  circuhir  lettci' 
sent  out  by  the  Surgeon-General  recjuesting  reports  of  milk  ejM- 
demics.)  The  90  epidemics  compiled  by  Car0e  have  not  been  in- 
cluded because  of  lack  of  time  and  space.  No  attempt  has  been  made 
to  note  every  outbreak  reported  as  spread  by  milk ;  many  cases  where 
the  evidence  did  not  seem  entirely  convincing  have  been  omitted. 
Necessarily  much  of  the  evidence  upon  which  it  is  determined 
whether  or  not  an  epidemic  is  conveyed  by  milk  is  circumstantial; 
the  same  may  be  said  of  water-borne  disease,  and  indeed  of  inany  of 
the  things  in  daily  life  which  we  firmly  believe.  In  an  e.xplosive 
outbreak  of  an  infectious  disease,  to  find  that  all  persons  attacked 
had  used  one  milk  supply,  that  they  had  apparently  nothing  else  in 
common,  that  no  cases  occurred  except  among  users  of  this  milk,  and 
then  to  isolate  from  the  milk  the  specific  organism  of  the  disease  in  a 
virulent  state,  is  believed  to  be  good  evidence  in  the  absence  of  other 
explanation.  It  is  not  to  be  inferred  that  this  has  been  taken  as  an 
absolute  standard  up  to  which  all  epidemics  must  come  before  being 
considered  as  spread  by  milk,  for  to  do  this  the  outbreak  would  have 
to  occur  in  a  locality  previously  entirely  free  from  the  disease  and 
the  develoi^ment  of  secondary-contact  cases,  which  is  necessarily  a 
common  occurrence,  would  wrongly  exclude  such  epidemics.  Then, 
too,  the  difficulty  of  isolating  the  Eberth  bacillus  when  in  small 
amount  and  accompanied  by  large  numbers  of  other  organisms  and 
our  lack  of  absolute  knowledge  as  to  its  specificitj',  and  the  fact  that 
no  organism  has  as  yet  been  isolated  which  is  commonly  accepted  as 
the  causal  agent  of  scarlet  fever,  would  lead  to  erroneous  conclusions 
if  the  isolation  of  a  specific  organism  were  insisted  upon. 

TYPHOID   FEVER. 

Schiider"  in  1901  collected  from  the  literature  G50  typhoid  epi- 
demics the  supposed  cause  of  which  had  been  reported.  Four  hun- 
dred and  sixty-two  were  reported  as  spread  by  water,  110  by  milk, 
and  78  by  all  other  means.  This  places  milk  second  only  to  water  as 
a  carrier  of  typhoid  infection.  But  the  "ratio  of  462  to  110  probably 
by  no  means  shows  the  true  relation  of  water  and  milk  as  producers 
of  such  outbreaks.  Schiider's  epidemics  were  collected  mainly  from 
continental  Europe,  where  milk  epidemics  are  apparently  not  as  com- 
mon as  in  England  and  America,  due  possibly  to  the  more  or  less  cus- 
tomary practice  in  Europe  of  using  pasteurized  or  cooked  milk.  The 
result  of  such  a  compilation  as  the  above  may  also  have  been  affected 
by  the  fact  that  until  comparatively  recently  water  has  received 
much  more  attention  in  typhoid  epidemiological  work  than  has  milk. 

« Schiider,  Zeitschrift  f.  Hyg.  und  Infectionskrankheiten,  1901,  XXXVIII, 
p.  343. 
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11  is  evident  that  Schiider  did  not  include  in  his  list  the  approxi- 
mately 90  typhoid  epidemics  collected  by  Car0e.°  These  occurred  in 
!  )enniark  between  1878  and  1890,  and  were  reported  as  in  all  prob- 
aliility  due  to  milk.  It  is  also  apparent  that  he  did  not  include  the 
(•(imbined  milk  typhoid  epidemics  collected  by  Hart,  and  Bnsey  and 
Kober.  13S  in  number,  which  had  been  previously  compiled. 

Undoubtedly  the  relative  importance  of  the  various  agencies  by 
which  typhoid  fever  is  distributed  varies  with  the  locality  and  condi- 
lions.  The  various  factors,  water,  milk,  flies,  and  contact,  have  dif- 
ferent values  in  the  city  and  in  the  town.  They  will  naturally  also 
Nary  in  importance  with  the  season,  the  latitude,  and  the  local  cus- 
liims.  Improved  water  supplies  have  eliminated  water  as  a  factor 
ill  many  places,  while  regulation  of  the  production,  handling,  and 
sale  of  milk  is  lessening  its  influence  for  harm  in  some  communities. 
It  would  seem  that  water  has  been  so  apparent  as  a  frequent  carrier 
iif  the  infection  that  other  agents  have  not  been  looked  for,  or  at  least 
not  .commonly  found,  until  improved  water  supplies  had  demon- 
strated that  there  were  other  factors  at  work.  The  experience  in 
Massachusetts  has  been  given  by  Harrington ''  as  follows : 

In  the  public  mind  outbrealjs  and  epidemics  of  this  disease  (typboid)  are 
commonly  associated  with  polluted  drinking  water,  but  when  water  supplies 
are  proiierly  guarded,  as  in  Massachusetts,  for  example,  they  are  more  com- 
monly found  to  be  caused  by  contaminated  food,  and  especially  by  that  one 
which  is  most  subject  to  pollution  and  which  offers  the  specific  organism  the 
most  favorable  conditions  for  preserving  its  virulence  and  increasing  its  num- 
bers— namely,  milk.  During  the  past  two  years,  of  18  local  outbreaks  of 
typhoid  fever  in  different  parts  of  Massachusetts  investigated  under  my  direc- 
tion, 14  were  traced  to  milk. 

Jensen''  also  makes  the  statement: 

The  principal  means  by  which  typhoid  fever  is  distributed  in  places  where 
there  is  a  safe  and  hygienic  water  supply  is  through  milk. 

BACILLUS    TlTIIOSrS    IN    MILK. 

V.  C.  Vaughan''  reported  in  1890  the  isolation  of  a  bacillus  from 
the  water  of  a  dairy  well,  and  from  the  milk  sold  by  the  dairy.  There 
had  been  one  or  more  cases  of  typhoid  in  the  family  of  the  milkman, 
and  one  or  more  cases  existed  in  every  family  patronizing  this  dairy." 
The  bacillus  was  highly  pathogenic  to  white  rats  and  guinea  i)igs. 
It  was  nonliquefying  and  toxicogenic.     The  bacillus  resembled  but 

"  Car0e  ( K. ) ,  Ugeskrif t  for  I.,aeger,  1898,  V,  p.  1009. 
f-New  York  Med.  Jour.,  1907,  p.  697. 
c  Essentials  of  Milk  Hygiene,  English  ed.,  1907,  p.  IOC. 

<!  Vaughan  (V.  C),  Ann.  Report  State  Board  of  Health,  .Michigan,  1S91,  p.  21(1. 
«  Vaughan    (V.  C),  Trans.  Seventh  Internat.  Cong,  of  Hyg.  &  Demography, 
1891,  Vol.  Ill,  Section  III,  p.  121. 
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was  not  identical  with  that  of  Eberth.  When  the  use  of  tlie  milk  was 
discontinued  the  outbreak  ceased. 

Dr.  A.  E.  Reynolds,"  then  commissioner  of  health  of  (^hicago,  stated 
in  1902  that  although  sj^ecial  search  had  been  frequently  made  duiing 
the  last  eight  years  the  typhoid  bacillus  had  been  found  in  Chicago 
city  milk  only  three  times,  and  then  in  cases  of  local  epidemics,  and 
that  in  1!)02  the  presence  of  the  typho-colon  group  of  bacilli  had 
been  repeatedly  demonstrated. 

Konradi ''  isolated  the  typhoid  bacillus  from  milk  in  1905.  In 
Kolozsvar  there  was  an  unusual  number  of  cases  of  typhoid.  (Ser 
Table  of  epidemics.)  The  water  could  in  no  way  be  connected  with 
the  increase,  and  attention  was  attracted  to  a  bake  shop  from  which 
many  cases  seemed  to  originate.  The  typhoid  bacillus  was  isolated 
from  a  sample  of  milk  taken  from  this  bake  shop.  Proper  precau- 
tions were  immediately  taken  against  this  shop  and  its  milk,  and  the 
number  of  cases  of  typhoid  fell  in  the  next  month  back  to  the  usual 
average  number.  He  alsa  examined  32  other  samples  of  milk  and 
isolated  the  typhoid  bacillus  from  one  taken  from  a  dairy  where  the 
farmer's  son  had  a  mild  attack  of  typhoid  fever  which  was  not  severe 
enough  to  keep  him  from  working  and  milking  the  cows. 

Shoemaker''  reports  an  outbreak  of  milk  typhoid  in  Philadelphia 
in  October,  190G.    He  states: 

A  culture  made  from  the  milk  proved  the  presence  of  the  typhoid  bacillus 
in  it. 

A  visit  to  the  dairy  revealed  that  the  proprietor  and  ^ne  of  his 
servants  were  ill  with  typhoid  and  tJiat — 

tlie  son  was  convalescing  from  tyiihoid  fever  and  was  filling  the  nillli  bottles 
from  a  tank  by  siphonage,  starting  the  flow  by  sucking  with  the  mouth  at  one 
end  of  the  tube.  A  culture  made  from  this  end  of  the  tube  revealed  many 
typhoid  bacilli. 

Cautley ''  infected  milk  with  the  typhoid  bacillus  and  recovered  the 
bacillus  after  seven  days.    In  his  summary  he  states: 

The  typhoid  bacillus  will  live  in  milk  under  the  conditions  that  ordinarily 
prevail  in  a  household.  When  this  liacilUis  has  been  artficially  added  in  lart-'o 
amount  to  milk  in  the  condition  in  which  it  commonly  reaches  the  consumer, 
the  presence  of  the  microbe  in  the  living  state  may  be  demonstrated  after  the 
milk  thus  treated  has  been  kept  several  days.  *  *  *  It  will  also  live  in 
milk  which  has  turned  sour  at  the  temperature  of  the  room  fn  which  It  is  Ivept, 

1  Ileynolds  (A.  R.),  Chicago  Medical  Recorder,  1902,  ji.  222. 
''  Konradi,  Centralbl.  f.  Bnkt.  etc.,  1  Abt.,  Bd.  40,  p.  31. 
'Journal  Am.  Med.  Assn.,  May  25,  1907,  p.  1748. 

''Cautley  (Edmund),  Iteport  Med.  Officer,  Local  Govt.  HoanI,  l.nn<l(.n,  1s'.t(;-97, 
p.  243, 
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Broers"  demonstrated  the  ability  of  the  typhoid  l)acilhis  to  live  in 
milk  and  butter  for  from  two  to  three  weeks. 

Bruck  in  1903  ''  took  ordinary  market  milk  and  infected  it  with 
the  bacillus  typhosus.  He  then  ran  the  milk  thus  treated  through 
;i  separator  and  found  the  viable  oi'ganism  persisting  in  the  cream 
for  ten  days  after  separation.  Butter  made  from  this  cream  showed 
!he  presence  of  the  viable  bacillus  for  twenty-seven  days.  The  bacil- 
his  typhosus  could  be  recovered  from  the  buttermilk  for  ten  days. 
I'fuhl  *■  showed  the  ability  of  the  Eberth  bacillus  to  persist  in  nuirket 
milk  for  thirteen  days  and  in  butter  for  twenty-four  days. 

Eyre ''  undertook  experiments  to  demonstrate  the  growth  of  the 
typhoid  bacillus  in  milk.  To  avoid  the  false  ideas  arising  from  the 
use  of  the  sterilized  product,  he  drew  the  milk  from  a  healthy  cow 
under  aseptic  conditions  and  gives  the  following  results  showing  the 
possible  rate  of  increase: 


0  hours. 

2  hours. 

4  hours. 

6  hours. 

8  hours. 

12  hours. 

24  hours. 

78 

50 

46 

This  shows  a  decrease  for  the  first  few  hours,  due  to  the  germicidal 
action  of  fresh  milk.    In  another  case  the  count  showed  the  following: 


0  hours. 

24  hours. 

48  hours. 

7  days. 

78 

60,000 

10,300,000 

440,000,000 

STTMMART   OF  EPIDEMICS. 

Of  the  179  typhoid  epidemics  reported  as  spread  by  milk,  compiled 
by  the  writer,  107  occurred  in  the  United  States,  43  in  Great  Britain, 
23  in  continental  Europe,  3  in  Australia,  1  in  New  Zealand,  and  2  in 
Canada;  all  cases  enumerated  in  the  outbreak  were  reported  as  living 
in  houses  supplied  with  the  suspected  milk  in  96  of  the  epidemics;  a 
case,  suffering  from  the  disease  at  such  a  time  as  to  have  been  the  i)os- 
sible  source  of  infection,  was  found  at  the  producing  farm,  distrib- 
uting dairy,  or  milk  .shop  in  113  cases;  the  outbreak  was  supposed  to 
have  been  due  to  bottles  returned  from  infected  households  and  re- 
filled and  distributed  without  previous  sterilization  in  4  cases;  the 

"Broers  (C.  W.),  Nederlandsch.  Tijdsclirift  voor  Geneeskunde,  1904,  XL,  p. 
1260. 

"Bnu-k,  Deut.  .Med.  Wocli.,  VM'd.  XXIX,  |).  4(;(l. 

Tfvilil.  Zeit.  Hyg.,  1902.  XI.,  ii.  r>r>r,. 

■'Eyre  (J.  W.),  Jour.  State  Med.,  London,  1004,  XU.  p.  728. 
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diseased  person  or  persons  were  mentioned  as  liandling  the  milk  or 
milk  utensils  in  2;  the  sick  milked  the  cows  in  G;  the  same  person 
nursed  the  sick  and  handled  the  milk  or  milk  utensils  in  C;  same 
person  was  mentioned  as  nursing  sick  and  milking  cows  in  10;  ice 
cream  was  given  as  the  infective  medium  in  3;  whipped  cream  in  1; 
typhoid  dejecta  were  reported  as  thrown  on  the  ground  in  such  a  way 
as  to  have  more  than  probably  contaminated  the  well  water  used  for 
washing  the  milk  utensils  in  4;  in  many  cases  mention  was  made  of 
special  incidence  of  the  disease  among  persons  in  the  habit  of  drinking 
milk;  the  Eberth  bacillus  was  isolated  from  the  milk  in  1  case  (Kon- 
radi)  ;  it  was  reported  that  measures  taken  upon  the  presumption  that 
milk  was  the  cause  of  the  epidemic,  and  looking  to  the  removal  of 
this  as  a  factor,  were  followed  by  abatement  of  the  outbreak  after 
due  allowance  for  the  usual  period  of  incubation  from  the  distribu- 
tion of  the  last  infected  milk  in  78  of  the  cases. 

The  following  is  an  example  of  a  typhoid  epidemic  apparently  due 
to  milk : 

STAMFORD  EPIDEMIC,  APRIL  15  TO  MAY  28,    1895.» 

Stamford,  Conn.,  a  town  of  15,000  population,  had  for  some  months 
been  comparatiA^ely  free  from  typhoid  fever.  During  the  nine  days 
following  April  14,  1895,  ICO  cases  were  reported  in  addition  to  24 
noted  as  suspicious.  One  hundred  and  forty-seven  out  of  the  100  and 
all  of  the  suspected  cases  had  used  milk  delivered  by  one  dairyman, 
B.  Between  April  15  and  May  28,  38G  cases  living  in  160  houses  were 
reported.  The  dairj'  was  clo.sed  April  21,  and  on  May  6,  just  fifteen 
days  after  the  sale  of  milk  was  stoi^ped,  the  outbreak  had  practically 
subsided.     (See  charts  1,  2,  and  3.) 

Of  the  386  cases  352  (91.2  per  cent)  lived  in  houses  taking  milk 
from  dealer  B.,  12  were  known  to  have  used  this  milk  at  a  cafe  sup- 
plied by  him,  2  obtained  it  at  a  bake  shop  selling  the  same  milk,  and 
2  obtained  it  in  other  ways,  making  368  cases  so  traced  or  95.3  per 
cent.  (See  diagram  I.)  Eight  cases  were  supplied  directly  by  a 
producer,  E.  B.  L.,  who  produced  the  bulk  of  the  milk  peddled  by  B. 
This  makes  376,  or  97.1  per  cent,  connected  with  this  milk  supply. 
Of  the  other  cases  4  were  supplied  by  one  dealer,  5  were  supplied  by  5 
different  dealers,  and  1  could  not  be  connected  with  any  milk  supply. 
It  was  estimated  that  3,000  quarts  of  milk  were  peddled  daily  in 
Stamford,  of  which  B.  supplied  about  275  quarts.  He  therefore 
^ujDplied  about  one-eleventh  of  the  milk  and  had  95.3  per  cent  of 

"Smith  (Herbert  E.),  Conncclicut  Slate  Roard  of  Health  Keiiort,  1895,  pp. 
161-179. 


CHART   I. 
SHOWING   IN   TEN-YEAR   PERIODS  THE  AGES  OF  CASES   DURING  THE  STAMFORD  OUTBREAK. 

AGES 

UNOtR  10 Years  ,  10T020        |     20to3o      !     30  to  .^o     1     40TOS0       over  50 


NOTE  THE  UNUSUAL  NUMBER  OF  CASES  UNDER  10  YEARS  OF  AGE  AS  COMPARED  WITH 
THOSE  BETWEEN  20  AND  30  YEARS,  THE  PERIOD  USUALLY  MOST  SUSCEPTIBLE  TO 
TYPHOID. 


CHART  2. 
SHOWING   IN    FIVE-YEAR   PERIODS  THE  AGES  OF  CASES   DURING  STAMFORD  OUTBREAK. 


EXPLANATION    OK    DIAGRAM    1. 

The  large  square  M  N  O  P  represents  the  town  of  Stamford. 

B  is  the  dairy  distributing  the  implicated  milk,  and  the  dash  lines 
running  from  B  into  the  city  represent  the  milk  route  of  this  dairy. 
Each  of  the  dots  represents  one  case  of  typhoid  fever  and  is  placed 
upon  the  route  of  the  dairy  from  which  it  was  supplied  with  milk. 
There  are  3C8  such  cases  on  B's  route,  including  the  1::^  around  the 
|S|.  which  is  meant  to  represent  the  cafe  supplied  by  B.  B  supplied 
about  one-eleventh  of  the  milk  used  in  the  town. 

H  H  and  H  are  distributing  dairies  similar  to  B. 

C  H  and  E  B  L  are  producing  farms  selling  milk  to  B  and  also 
23eddling  some  themselves.  The  dash  line  extending  from  E  B  L 
represents  his  jiersonal  route  of  .">  houses  in  which  8  cases  of  typhoid 
occurred. 

J  II  B  and  J  B  II  are  producing  farms  selling  milk  to  B  and  also 
to  distributing  dairies  II  and  II  II. 

The  double  lines  show  the  dairy  to  wliicli  th«'  jiroducer  sold  most 
of  his  milk. 

Dash  lines  show  the  ap2)arent  course  of  the  infective  agent. 

C,  D,  E,  F,  and  G  are  other  dairies  having  routes  in  Stamford. 


SHOWING   RELATION   OF  MILK   ROUTES  TO  TYPHOID   FEVER  CASES  DURING  THE   EPIDEMIC 
AT  STAMFORD,   CONN.,   1895. 
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a-es.  B.  obtained  the  milk  sold  by  him  from  other  i:)arties  and  pro- 
liued  none  himself.  He  was  supplied  regularly  by  3  producers. 
K.  P..  L.,  C.  H.,  J.  B.  H.,  and  after  April  12  also  by  J.  H.  B.  C.  n. 
icsides  furnishing  milk  to  B.  also  sujjplied  some  in  town  himself,  and 
iiiidug  his  customers  only  one  case  occurred.  J.  B.  H.  produced  4 
■aii-<  of  milk  a  day;  one  can  went  to  B.  ad  3  cans  to  dairyman  H.  H., 
Ill  whose  route  occurred  only  5  cases  of  typhoid.  E.  B.  L.  furnished 
1').  from  140  to  150  quarts  of  milk  daily;  this  constituted  over  one- 
half  of  B.'s  sujjply.  In  fact,  all  that  E.  B.  L.  produced  went  to  B., 
I'xccpt  a  few  quarts  which  he  distributed  to  5  families.  It  is  signifi- 
cant that  in  these  5  households  there  were  8  cases  of  typhoid. 

IS.'s  dairy  was  situated  in  a  low,  i:)oorly  drained  part  of  the  city. 
llif  water  used  to  wash  cans  was  from  an  uncemented  dug  well  with 
a  loose  board  cover  6  inches  above  the  ground  level.  The  well  was 
l-\]  feet  deep  and  the  water  stood  within  1  foot  9  inches  of  the  top. 
'J  lii're  was  a  shallow,  foul  privy  25  feet  west  of  the  well  on  slightly 
lii;jher  ground,  and  another  40  feet  to  the  east.  The  water  sujjply 
^\  I  -  therefore  a  shallow  surface  well,  uncemented,  in  jJoorly  drained 
^-dil  and  in  close  proximity  to  two  privies.  Chemical  and  bacterio- 
loizical  examination  of  the  water  showed  gross  pollution.  The  last 
act  in  the  washing  of  milk  cans  by  B.  was  to  rinse  them  in  cold  well 
water  and  invert  them  to  drain  and  dry.  The  next  morning  these 
cans  were  taken  to  the  producing  farms  for  use.  B.'s  method  of 
(li  livery  was  such  that  there  was  no  pnvt  of  his  route  which  might 
not  have  received  milk  from  the  E.  B.  L.  farm.  B.  washed  all  the 
cans  coming  to  him  and  returned  them  clean  to  the  producers. 
Farmer  C.  H.  scalded  the  returned  cans  before  refilling.  E.  B.  L. 
rclilled  the  cans  just  as  they  came  from  B.,  all  of  his  milk  going  into 
tlnni,  including  that  which  he  delivered  to  his  5  jiersonal  customers. 
.1.  r>.  H.  refilled  cans  i-eturned  from  B.  without  any  extra  treatment. 
He  had,  however,  in  use  8  cans,  one  of  which  was  returned  daily  from 
B.,  and  3  taken  to  H.  H.  No  precautions  were  taken  to  keep  separate 
the  cans  coming  from  the  two  dealers.  J.  H.  B.  did  not  begin  to 
furnish  milk  to  B.  until  after  the  outbreak  was  well  started  and  H,, 
M'ho  handled  most  of  his  milk,  had  only  one  case  on  his  route. 

No  case  of  tyjihoid  was  found  at  the  dairy  or  jiroducing  farms, 
but  the  hypothesis  that  the  well  water  at  dairy  B.  was  infected  would 
explain  all  the  features  of  the  epidemic,  and  whatever  the  source  of 
the  infection  the  fact  remains  that  the  disease  followed  the  milk  of 
this  one  dairy,  B.,  and  of  that  distributed  to  the  5  houses  personally 
supplied  by  E.  B.  L. 
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B.  supplied  ;il){)ut  -i:^;")  households  in  which  'M')2  cases  occiirrod,  a 
cafe  among  the  frequenters  of  which  V2  cases  developed,  a  bakery  in 
whose  patrons  2  cases  were  found,  and  2  other  fever  patients  were 
reported  who  had  obtained  this  milk  in  other  ways. 

SCARLET  FEVER. 

No  organism  has  as  yet  been  isolated  which  is  generally  accepted  as 
the  specific  cause  of  scarlet  fever.  In  1882  Mr.  W.  H.  Power "  in- 
vestigated an  outbreak  diagnosed  as  scarlet  fever  which  he  believed 
w^as  caused  by  infectious  nuitter  from  a  cow  which  had  recently 
calved.  In  1885  Power ''  investigated  another  epidemic  which  was 
practically  limited  to  users  of  milk  from  a  certain  dairy  at  Hendon 
where  several  diseased  cows  with  an  eruption  of  the  udders  were  sup- 
jiosed  to  have  been  the  source  of  the  infection.  Klein  <■  isolated 
from  the  lesions  in  the  cows  and  also  from  human  cases  a  micrococcus 
which  he  believed  to  be  the  specific  organism  of  the  disease  and  prob- 
ably the  cause  of  scarlet  fever.  This  view  has  not  been  accepted. 
Sir  George  Brown,"  who  also  investigated  this  outbreak,  was  of 
the  ojjinion  that  the  cow  disease  was  possibly  vaccinia,  and  that  the 
milk  had  probably  become  infective  by  contact  with  a  human  case. 
Other  similar  outbreaks  have  subsequently  occurred  among  cows 
without  a  corresponding  epidemic  among  the  users  of  the  milk. 

In  the  scarlet  fever  outbreaks  which  appear  later,  the  abstracts 
wei-e  made  from  the  reports  cited,  and  the  writer  is  aware  that  in  a 
few  of  the  cases  the  evidence  is  not  entirely  conclusive.  In  two  of 
the  cases  the  source  of  the  infection  is  given  as  supposedly  diseased 
cows.  This  is  necessarily  an  opinion  of  the  rejiorter  and  not  a  state- 
ment of  fact,  and  these  outbreaks  have  been  included  because  the 
association  of  the  disease  to  milk  distribution  was  such  as  to  make  i< 
probable  that  the  milk,  if  not  the  carrier  itself,  stood  at  least  in  som( 
relation  to  the  carrier  of  infection,  whatever  the  original  sourcef 
might  have  been.  U 

"Power  (W.  H.),  Report  of  Local  Govt.  Board,  Lend.  (Medical  Officer'; 
Supiilemeut),  1882,  p.  05. 

Tower  (W.  H.),  Report  of  Local  Go\i:.  Board,  Loud,  (Medical  Officer' 
Supi)leiiieut),  1885,  p.  73. 

'Report  of  Local  Govt.  Board,  Ijond,  (Medical  Officer's  Supplement) 
1887-88.  p,  XIII. 

''  Roi)ort  on  Eruptive  Diseases  of  the  Teats  and  Udders  of  Cows  in  Rela 
tiim  to  Sciu-lct  Fever  in  Jlan,  Af;ricultural  Departmeut,  Privy  Council  Olllct 
London,  1888. 
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SUMMARY  or  EPIDEMICS. 


Of  the  51  scarlet  fever  epidemics  reported  as  spread  by  milk,  com- 
piled by  the  writer,  25  occurred  in  the  United  States  and  26  in  Great 
Britain ;  all  cases  enumerated  in  the  outbreak  were  reported  as  living 
in  houses  supplied  with  the  suspected  milk  in  27  of  the  epidemics;  a 
case  suffering  from  the  disease  at  such  a  time  as  to  have  been  the  pos- 
sible source  of  infection  was  found  at  the  producing  farm,  the  dis- 
tributing dairy,  or  milk  shop  in  35  cases ;  the  outbreak  was  supposed 
to  have  been  due  to  bottles  returned  from  infected  households  and 
refilled  without  previous  sterilization  in  3  cases;  the  diseased  person 
or  pei'sons  were  mentioned  as  handling  the  milk  or  milk  utensils  in  3; 
the  sick  milked  the  cows  in  12;  the  same  person  nursed  the  sick  and 
handled  the  milk  in  1 ;  same  person  nursed  sick  and  milked  cows  in 
1 ;  the  outbreak  was  supposed  to  be  due  to  disease  of  the  cow  in  2 ; 
it  was  reported  that  measures  taken  upon  the  presumption  that  milk 
was  the  cause  of  the  epidemic  were  followed  by  abatement  of  the  out- 
break in  22  cases. 

The  following  outbreak  is  one  of  many  interesting  illustrations: 

SCARLET    FEVER    IN    NORWALK,    CONN." 

In  November,  1897,  an  unusual  number  of  cases  of  scarlet  fever 
occurred  in  Norwalk.  Population  of  Norwalk,  South  Norwalk  and 
East  Norwalk,  22,000.  Previous  to  October  25  scarlet  fever  had 
been  reported  as  follows:  August,  no  cases;  September,  5  cases;  Oc- 
tober 10,  one  case.  The  source  of  infection  in  most  of  these  cases 
had  been  traced.  Between  October  25  and  November  9,  29  cases 
developed.  The  29  cases  were  distributed  in  25  families  and  24 
houses.  School  infection  was  eliminated.  Many  cases  did  not  at- 
tend school,  and  some  were  in  families  where  they  had  no  school 
children.  The  cases  were  widely  separated;  17  of  the  infected 
houses  were  in  South  Norwalk,  3  in  Norwalk,  and  4  in  East  Nor- 
walk. The  families  were  of  different  social  positions  and  contact- 
infection  seemed  improbable.  The  only  factor  in  conmion  to  prac- 
tically all  of  the  cases  was  the  milk  supply.  Twenty-seven  out  of 
the  29  obtained  milk  from  one  dealer,  H.  The  other  two  were  in 
one  family  in  East  Norwalk;  they  were  a  girl  of  12  and  boy  of  9 
years,  and  were  taken  ill  on  November  7  and  9,  respectively.  They 
had  no  connection  with  the  milk  route,  nor  could  their  infection  be 
traced  to  any  souvce. 


"Smith,  (Herbert  E.)  ;  Report  Connecticut  State  Board  of  Health,  1897,  p.  259. 
141-1— Bull.   56—0!) 3 
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The  estimated  daily  supply  of  luilk  in  Norwalk  was  3,500  (jiiiuls. 
Dealer  H.  furnished  450  quarts,  or  about  one-eighth  of  the  whol 
whereas   he   had   twenty-seven   twenty-ninths   of   the   scarlet   fe\i 
cases  on  his  route. 

H.  bought  his  milk  from  three  j)roducers.  There  were  no  cases 
of  disease  in  the  family  of  the  milk  dealer  nor  in  those  of  two  of 
the  producers,  A.  and  B.  but  on  the  third  producing  farm,  K.,  a  case 
of  scarlet  fever  was  found.  This  farm  was  in  the  Bald  Hill  dis- 
trict. The  district  school  had  opened  September  7  with  a  registra- 
tion of  23  pupils.  On  September  20  one  of  the  pupils  fell  ill  with 
scarlet  fever;  other  cases  followed,  and  the  school  was  closed  Octo- 
ber 19.  In  all  there  were  20  cases,  all  in  school  children  or  in  those 
coming  in  contact  with  them.'  Two  of  the  above  cases,  living  near 
farm  K.,  w'ere  exceedingly  mild  and  frequently  visited  and  played 
at  this  farm  with  K.'s  son,  a  lad  of  4  years.  This  son  broke  out  with 
a  scarlatinous  rash  October  24. 

Milk  from  this  farm  was  carted  to  Norwalk  and  all  of  it  sold  to, 
and  delivered  bj^,  dealer  H.,  who  placed  the  cans  of  milk  from  K.  in 
his  wagons  with  that  from  the  other  two  producers,  A.  and  B.  No 
attempt  was  made  to  keep  the  cans  separate,  and,  therefore,  one  day 
part  of  his  customers  might  receive  K.'s  milk  and  the  next  day  it 
would  be  delivered  to  others.  H.  supplied  about  300  families,  of 
which  24  were  invaded.  The  sale  of  this  milk  was  stopped  Novem- 
ber 7.  The  number  of  cases  and  the  dates  on  which  they  occurred 
would  indicate  that  the  milk  was  not  continuously  infected.  Dur- 
ing the  outbreak  several  cases  of  sore  throat  occurred  among  users 
of  H.'s  milk,  which  may  possibly  have  had  some  casual  relation  to 
the  infectious  milk. 

It  would  seem  that  cases  of  scarlet  fever  belonging  to  a  school 

outbreak  and  visiting  a  dairy  farm,  and  possibly  also  the  boy  on  the 

farm,  infected  from  his  playmates,  were  the  source  or  sources  ren 

dering  the  milk  infective.     The  relation  here  of  the  two  outbreaks 

is  of  interest,  the  one  spread  by  school  contact  being  the  original 

source;  of  the  milk  epidemic. 

II 
DIPHTHERIA. 

Diphtheria  ei)idemics  api)arcntly  due  to  milk  began  to  be  reporW'il 
in  1877  and  1878  in  England.  In  certain  cases  the  suspected  milk 
came  from  herds  where  cows  were  found  suffering  from  an  eruptivi 
tliscase  of  the  udder,  and  this  was  thought  to  be  the  .source  of  the  in- 
fection. In  this  connection  Klein "  conducted  some  experiments  on 
cows  with  the  Klebs-Lofller  l)acillus.  He  took  healthy  milch  cow^ 
and  inoculated  them  subcutaneously  in  the  shoulder  with  1  cubic  cen 
timeter  of  a  broth  culture  of  the  Klebs-Loffler  bacillus  taken  from  :i 

"  Klein,   Report  Med.  Officer,  I.oc.  Govt.  Board,  London,  1R89,  p.  167. 


EXPLAXATIOX    OF    DIA(;RA:\I    II. 

A,  B.  and  K  uri'  dairy  fanii^  sclliui;-  tlirir  piddnct  to  retail  niillv 
dealer  II.  K  is  the  farm  on  which  a  ease  of  scarlet  fever  occurred 
antedatiiif;'  the  outbreak  in  Xorwalk. 

The  lar^e  square  T  O  W  X  represents  the  city  of  Xorwalk. 

H  is  the  retail  milk  dealer  among  whose  customers  all  cases  but  two 
occurred.  The  dash  lines  represent  II's  milk  route,  and  each  dot  is  a 
case  of  scarlet  fever. 

C,  D.  E,  F.  G,  I,  and  J  are  other  dairymen  having  routes  in  Xor- 
walk. The  lines  extending  from  them  into  the  city  represent  their 
milk  routes  and  are  introduced  to  show  their  freedom  from  the 
disease. 


SHOWING   RELATION   OF   MILK  ROUTES  TO  SCARLET   FEVER  CASES  DURING  OUTBREAK 
AT   NORWALK,   CONN.,   1897. 
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human  case.  These  cows  becaiue  ill,  had  a  rise  in  temperature,  and 
oil  (he  fifth  day  there  appeared  upon  the  udder  an  eruption  character- 
ized by  i^apules,  vesicles,  and  crusts.  He  states  that  he  isolated  the  B. 
'liphtheriac  from  the  vesicles,  pustules,  and  milk.  Other  experiment- 
I'ls""  have  however  failed  to  get  similar  results.  The  Klebs-Loffler 
bacillus  has  been  isolated  from  market  milk  by  Bowhill,''  Eyre,* 
ivlein,''  and  Dean  and  Todd.'^ 

IvLEBS-LOFB'LEK   BACILLI    IN    JIILK. 

Dean  and  Todd  reported  that  in  certain  families  supplied  with 
milk  from  two  cows  there  occurred  2  cases  of  clinically  typical  diph- 
iheria  and  3  of  sore  throat,  that  in  one  family  using  the  milk  only 
after  sterilization  no  case  occurred.  Inspection  of  the  cows  showed 
papules,  crusts,  and  ulcers  on  the  teats  and  udders.  One  of  the  cows 
seemed  well  and  gave  apparently  normal  milk;  the  other  had  a 
mammitis  and  gave  a  scanty,  ropy,  semipurulent  and  slightly  blood- 
tinged  milk.  Cultures  were  made  from  the  throat  of  one  of  the  diph- 
theria patients  and  also  from  the  ulcers  and  milk  of  each  cow,  and 
typical  Klebs-Loffler  bacilli  were  isolated  in  all  cases.  The  milk  of 
the  cow  with  mannnitis  also  contained  streptococci.  The  bacillus 
isolated  was  virulent  and  markedly  pathogenic  to  guinea  pigs,  but 
dijihtheria  antitoxin  protected  guinea  pigs  against  large  doses.  The 
udder  eruption  was  shown  to  be  contagious  to  cows  and  capable  of 
spread  by  the  hands  of  the  milker,  but  no  B.  diphtheria?  were  found 
in  vesicles  and  ulcers  of  the  secondary  bovine  cases.  Calves  were  not 
protected  from  this  disease  by  diphtheria  antitoxin,  nor  by  this  dis- 
ease from  cowpox.  The  conclusions  drawn  were  that  the  ulcers  on 
the  udders  had  become  secondarily  infected  with  B.  diphtherire, 
probably  accidentally  from  some  apparently  healthy  throat,  and  that 
the  udder  affection  was  a  separate  disease. 

Eyre  ^  has  shown  the  ability  of  the  B.  diphtheria?  to  proliferate  in 
.-aw  milk  drawn  from  the  cow  under  aseptic  conditions  as  follows : 


0  hours. 

24  hours. 

48  hours.      7  days. 

n.  diphtheriac __ _ 

39 

1,170 

22.000  1     19.000,000 

I 


"Abbott  (A.  C),  Jour.  Path.  &  Bact,  1894,  II,  p.  35. 

"Ritter,  Centralblatt  f.  Bakt.,  Referat,  1806,  XIX,  p.  662. 

'  Bowhill,  Veterinary  Record,  1809,  April  8th. 

''Eyre,  Brit.,  Med.,  Jour.,  1899.,  II,  p.  586, 

''  Klein,  .Tom-nal  Hygiene,  Camb.,  1901,  I,  p.  85. 

'  Dean  &  Todd,  .Jour.  Hygiene,  Camb.,  1902,  II,  p.  194. 

1  Eyre,  loco  citato. 
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SUMMARY    OF    El^IDEMICS. 


Of  the  23  diphtheria  epidemics  reported  tis  spread  by  milk  ami 
compiled  since  1895,  15  occurred  in  the  United  States  and  8  in  Great 
Britain;  cases  of  the  diseases  occurred  at  the  jjroducing  farm,  dis- 
tributing dairy  or  milk  shop  at  such  a  time  as  to  have  been  the  possi- 
ble cause  of  the  outbreak  in  18  cases;  the  diseased  person  milked  the 
cows  in  4;  the  same  person  nursed  the  sick  and  handled  the  milk  in 
1 ;  the  outbreak  was  supposed  to  be  due  to  disease  of  the  cows  in  2 ; 
all  cases  of  the  disease  were  reported  as  living  in  households  supplied 
with  the  susj^ected  milk  in  15  instances;  measures  taken  upon  the 
presumption  that  milk  was  the  carrier  of  infection  were  reported  as 
followed  by  subsidence  of  the  outbreak  in  5  cases;  the  Klebs-Loffler 
bacillus  was  isolated  from  the  suspected  milk  in  2  of  the  epidemics. 

The  following  outbreak  is  one  of  many  interesting  examples: 

OUTBEEAK    OF    DIPHTHERIA    IN    DORCHESTER,    MILTON,    AND    HYDE    PARK." 


,  On  April  13,  1007,  after  a  period  of  comparative  freedom  from 
dii:»htheria,  there  were  reported  to  the  board  of  health  of  the  town  of 
Milton  11  cases  of  that  disease.  This  sudden  explosion  caused  very 
naturally  a  feeling  of  grave  aiDprehension  on  the  part  of  the  local 
health  authorities.  The  following  is  an  account  of  the  epidemic : 
Cases  of  diphtheria  were  reported  in  Milton  as  follows:  April  12,  1 
case;  13,  11  cases;  14,  1  case;  15,  4  cases  (of  these  4  cases,  3  were 
in  the  same  house  and  secondary  to  a  case  which  had  developed  be- 
fore the  12th  and  can  therefore  be  considered  as  not  belonging  to  this 
explosive  outbreak)  ;  16,  1  case.  In  Dorchester  cases  were  reported 
as  follows:  April  12,  6  cases;  13,  19  cases;  14,  11  cases.  In  Hyde 
Park  the  number  and  dates  were :  April  13,  2  cases ;  14,  5  cases ;  15,  6 
cases;  16,  1  case;  17,  3  cases,  and  19,  1  case. 

The  following  table  shows  the  relationship  of  the  cases  in  the  differ- 
ent places: 


Place. 

April. 

Total  li\- 

U. 

12. 

13. 

H.       15. 

16. 

18. 

19. 

towns. 

Milton 

1 
6 

11 
19 
2 

1            4 
11    .     _-- 

1    _ 

1^ 

5            6 

1 

3 

1 

7 

32 

17  j      10 

2 

3 

1 

-.1 

"  Monthly  Bulletin,  State  board  of  health,  Mass.,  May,  1907,  vol.  2,  No. 
.  117. 


EXPLAXATIllN    (IF   DIAIiKAM    III. 


J  II.  RBN.  ETT.  ()  II.  .1  .M  P..  iin.l  ('  F.I  aiv  the  farmers  ]>vn- 
tliieinii'  milk. 

A  is  the  milk  dealer  deliver! iij^-  milk  in  huth  .Milton  and  Dorchester. 
B  i.s  the  milk  dealer  deliverine-  milk  in  Hyde  Park. 

The  lines  connecting  the  producing-  farms  and  the  milk  dealers 
show  to  which  dairy  the  farmer  sold  his  milk. 

The  large  squares  re])resent  Milton.  Dorchester,  and  Hyde  Park. 

The  dash-lines  extending  from  A  to  B  into  the  towns  represent  the 
milk  routes  carrying  the  supposedly  infectious  milk. 

Each  dot  represents  a  case  of  diphtheria  and  is  placed  on  the 
milk  route  from  which  it  was  supplied. 

C.  D.  E,  F.  G.  and  H  represent  the  other  dairies  selling  milk.  The 
lines  extending  from  them  into  the  towns  represent  their  routes  and 
are  inserted  to  show  their  freedom  from  diphtheria  cases. 


DIAGRAM   III. 

SHOWING   RELATION   OF   MILK   ROUTES  TO   DIPHTHERIA  CASES  DURING  THE  OUTBREAK 
AT   DORCHESTER,    MILTON,   AND  HYDE   PARK,   1907. 
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Investigation  showed  tliat  all  the  cases  in  Dorchester  and  Milton 
\MTe  sui^jilied  with  milk  b}-  one  dairy,  A,  with  the  exception  of  3 
\N  liich  were  all  in  one  house  in  Alilton  and  were  secondary  to  a  case 
I  I'ported  Ijei'ore  the  onset  of  the  outbreak.  In  Hyde  Park  all  the  cases 
i.Wiained  milk  from  dairyman  B.  Dairy 'A  bought  its  milk  from  6 
i  producers :  J  H,  K  B  N,  E  T  T,  O  H,  J  M  B,  and  C  F  J  (see  diagram 
ill).  On  none  of  the  producing  farms  were  any  cases  of  dii^htheria 
1  II Hid  except  on  that  of  C  F  J,  where  it  was  discovered  tliat  a  child 
IkmI  been  seized  with  the  disease  on  April  11,  and  that  the  cooler  in 
which  the  milk  was  mixed  was  washed  in  the  house  and  that  this 
iillice  was  performed  by  the  person  who  had  the  care  of  the  sick  child. 
This  same  producer,  C  F  J,  also  sold  about  one-third  of  his  output  to 
lairyman  B,  who  delivered  it  in  Hyde  Park.  Prompt  action  on  the 
part  of  the  local  authorities  in  excluding  sale  of  milk  produced  by 
< '  V  J,  brought  the  outbreak  to  an  immediate  close. 

It  will  be  noticed  from  the  table  that  the  outbreak  in  Hyde  Park 
ii'iirred  a  day  later  than  that  in  Dorchester  and  Milton.  This  is 
(•xplainable  by  the  fact  that  B  called  for  his  share  of  C  F  J's  milk  in 
the  evening  and  sold  it  on  the  following  day,  whereas  A  came  for  his 
in  the  morning  and  disposed  of  it  at  once. 

It  is  of  further  interest  that  C  F  J  himself  came  down  with  the  dis- 
ease after  the  outbreak  had  nearly  subsided,  and  that  dealer  A's  son 
who  drank  milk  from  C  F  J  was  one  of  the  earliest  victims. 

EPIDEMICS    OF    SORE    THROAT    AND    PSEUDO-DIPHTHERIA. 

Among  the  collected  epidemics  are  7  variousl_v  reported  as  sore 
throat,  pseudo-dijihtheria  and  septic  sore  throat.  They  all  occurred 
in  Great  Britain.  Two  of  the  outbreaks  were  supposed  to  be  due  to 
milk  coming  from  cows  having  mastitis,  4  to  milk  of  cows  afflicted 
with  teat  and  udder  eruption;  in  one  case  the  sequence  was  first  severe 
sore  throat,  thought  to  be  quinsy  in  the  farmer,  followed  by  mastitis 
in  the  cows  and  sore  throats  in  other  persons  on  the  farm,  and  last  an 
outbreak  of  sore  throats  on  the  milk  route.  Precautions  taken 
against  the  milk  were  reported  as  stopping  four  of  the  outbreaks. 

CHAKACTER    OF    MILK    EPIDEMICS. 

Milk  epidemics  have  characteristics  more  or  less  peculiar  to  them- 
selves and  usually  show  the  following  features: 

(«)  Exj)losioe  onset. — The  onset  is  usually  sudden  and  may  very 
aptly  be  termed  explosive.  This  is  due  to  the  fact  that  a  certain  can 
or  lot  of  milk  receives  an  amount  of  the  infective  material  from  con- 
tact with  an  infectious  person,  premises,  or  water.  This  milk  may  be 
delivered  to  the  consumers  bv  itself,  in  \\hich  case  the  number  of 
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persons  exposed  to  the  infection  is  small.  Or  it  may  bo  mixed  in  a 
dairy  with  that  from  many  otlier  cans,  and  thus  a  larger  amount  of 
more  dilute  infectious  material  be  delivered  to  the  comnnmity.  If 
kept  cool,  the  milk  may  remain  thus  dilute  as  regards  the  pathogenic 
organism  and  the  disease  may  crop  out  among  the  consumers  oidy  in 
those  most  susceptible  or  in  persons  drinking  a  comparatively  large 
amount.  But  if  the  milk  becomes  warm  because  of  lack  of  care  or 
long  transit  and  the  contained  organism  is  such  that  it  will  prolif- 
erate in  milk,  each  quart  delivered  to  the  consmner  may  be  more 
infectious  than  the  original  can.  In  either  case  the  users  of  the 
infectious  milk  will  receive  their  dosage  of  the  organism  at  approxi- 
mately the  same  time  and  will  therefore,  making  due  allowance  foi' 
the  normal  variations  in  period  of  incubation,  fall  ill  simultaneously. 

The  initial  explosion  may  therefore  consist  of  but  a  few  cases  if 
the  amount  of  infected  milk  is  small  or  if  very  dilute;  or  of  many 
if  the  amount  of  infected  milk  is  large  or  the  number  of  organisms 
great.  If  the  milk  is  infected  at  but  one  milking,  the  outbreak  will 
rapidly  subside  and,  aside  from  secondary  cases  spread  by  contact 
or  other  means,  no  new  ones  will  appear.  If  the  milk  is  infected 
day  after  day,  the  outbreak  continues;  and  in  contagious  diseases, 
after  the  lapse  of  the  period  of  incubation  from  the  initial  outbreak, 
secondary  cases  due  to  contact  are  apt  to  appear  and  grow  more 
numerous,  so  that  the  picture  presented  of  a  typical  milk  epidemic 
may  become  less  clear.  A  milk  epidemic  is  therefore  most  typical 
in  its  onset,  although  under  efficient  systems  of  notification  and  quar- 
antine secondary  contact  cases  may  be  largely  prevented  and  it  may 
then  maintain  its  characteristics  throughout.  The  development  of 
these  secondary  cases  contracted  by  contact  and  otherwise  explains 
why  in  the  epidemics  reported  later  in  tabular  form  not  all  of  the 
cases  in  the  outbreak  are  reported  as  consumers  of  the  suspected 
milk.  Another  exi)lanation  is  that  in  most  cities  there  are  always 
a  certain  small  number  of  cases  of  the  commoner  contagious  diseases 
which  have  varied  sources  of  origin  and  may  be  termed  residual. 
It  is  on  top  of  this  as  it  were  that  an  epidemic  occurs. 

(5)  Disease  folloirs  the  milk. — Disease  carried  by  milk  can  occur 
only  among  users  of  the  infectious  milk.  Milk  routes  may  therefore 
at  times  be  considered  thoroughfares  of  infection.  During  an  epi- 
demic other  cases  of  course  may  occurr  among  nonconsumers,  but 
the  contagion  is  carried  to  these  by  other  means.  In  typhoid  fever 
for  example  it  is  possible  to  conceive  a  water  and  a  milk  epidemic 
occurring  at  the  same  time,  or  what  is  possibly  more  common  in 
the  cities,  during  an  unusual  prevalence  of  typhoid  due  to  various 
and  in  some  cases  unlniown  causes,  smaller  milk  outbreaks  may  occur." 
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!'ii(  milk  epidemics  necessarily  follow  the  niilkmuii,  and  often  his 
I  route  can  be  plotted  by  the  incidence  of  the  disease.  The  outbreak 
I  may  be  limited  to  a  certain  section  of  the  city  if  the  route  is  small 
and  circumscribed  in  extent.  This  will  usually  eliminate  water  as 
a  cause  of  typhoid  where  a  public  supj)!}-  is  in  use.  Or  where  various 
water  sujiplies  are  used  the  cases  may  occur  among  the  users  of  the 
different  sources.  If  the  dairy  is  a  large  one,  delivering  to  all  parts 
of  the  city,  the  cases  may  be  widely  sejiarated  and  much  scattered, 
ha\ang  nothing  in  common  but  the  milk  supply.  The  children  may 
go  to  different  schools,  the  families  be  of  varied  social  status.  These 
■  points  will  usually  eliminate  schools  and  contact  as  sources. 

At  times  where  the  area  covered  by  the  milk  route  and  therefore  the 
district  involved  in  the  outbreak  is  circumscribed,  occasional  isolated 
cases  will  be  found  at  a  distance,  and  upon  careful  investigation  it  will 
be  found  that  they  had  friends  or  relatives  on  the  involved  route  and 
used  the  susi^ected  milk  while  on  a  visit. 

Very  interesting  cases  have  been  reported  where  the  evidence  seemed 
quite  convincing  of  persons  drinking  a  single  glass  of  the  susi^ected 
milk  and  falling  ill  after  a  due  period  allowed  for  incubation. 

Milk  outbreaks  are  as  a  rule  more  typical  in  small  towns  where  the 
organization  is  less  complicated  and  fewer  extraneous  factors  occur 
to  conceal  the  true  picture.  An  example  of  this  is  the  outbreak  at  Elk- 
ton,  Md.,  in  1900. 

Elkton  epidemic." — Elkton  had  a  population  of  2,542.  The  town 
water  supjjly  was  obtained  from  the  Elk  River  about  1^  miles  above 
the  town.  Part  of  the  families  drank  the  town  water,  the  rest  used 
private  wells.  The  inhabitants  were  supplied  with  milk  from  4  dairy 
farms  having  routes  in  the  town.  Dairyman  B  on  his  way  to  town 
each  day  with  his  own  milk  obtained  an  additional  amount  from  2 
other  farmers,  C  and  D,  both  of  whose  farms  remained  fi'ee  fi'om 
typhoid.  In  September,  1900,  a  case  of  tyj^hoid  fever  occurred  on 
farm  A  (see  diagram  IV)  adjoining  farm  B.  Mrs.  B,  wife  of  the 
dairyman,  assisted  in  nursing  the  case  at  A  for  two  or  three  weeks  up 
to  October  5.  For  some  days  before  this  Mrs.  B  and  one  of  her  sons 
had  been  ailing,  but  the  boy  continued  milking  and  the  mother  han- 
dling the  milk  up  to  October  8,  when  both  became  too  ill  to  work. 
(Later  another  son  fell  ill.)  Previotis  to  this  time  there  had  been  in 
Elkton  only  3  cases  of  typhoid  and  they  were  all  in  one  family,  oc- 
curring August  12,  September  12  and  September  19.  On  October  11, 
3  cases  of  typhoid  fever  were  reported;  12,  1  case;  13,  2  cases;  14, 
3  cases;  15,  3  cases;  IG,  3  cases;  18,  G  cases.  By  October  28,  32  fam- 
ilies had  been  invaded.     All  used  milk  supplied  by  B,  18  used  the 

"Fultou  (John  S.)  Jour.  Hyg.,  Camb.,  1901,  1,  p.  422. 
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town  water  supply,  and  14  private  wells.  The  total  number  of  cases 
was  39.  On  this  day  B  sto2)ped  selling  milk  antl  in  three  weeks  the 
epidemic  subsided.  The  final  summary  of  the  outbreak  was:  In- 
vaded houses,  39;  all  used  B's  milk,  21  used  public  water  supply,  and 
18  used  private  wells.  B  claimed  to  supply  regularly  80  houses  with 
milk.  One  hundred  and  eighty  peoj^le  lived  in  the  39  invaded  house- 
holds. 

There  were  several  occurrences  during  this  outbreak  of  special 
interest.  Miss  M,  living  in  New  Jersey,  visited  Elkton  for  two  days, 
October  T)  and  G,  returning  home  on  the  7th.  ^\Tiile  in  Elkton  she 
was  at  a  house  supplied  with  milk  from  B's  farm.  No  tyjDhoid  had 
occurred  at  this  house  up  to  that  time.  On  October  14  Miss  M  fell 
ill  with  typhoid.  In  one  family  a  negro  servant,  whose  chief  food 
consisted  of  oatmeal  and  milk,  left  Elkton  the  middle  of  October  and 
went  to  Glasgow,  Del.,  where  she  became  ill  of  typhoid  and  died.  In 
another  famih'  was  a  married  daughter  who  left  Elkton  the  last  of 
October  to  visit  friends.  In  about  ten  days  she  fell  ill  with  typhoid. 
At  the  jail  where  there  were  from  15  to  20  prisoners  who  received  no 
milk  whatever.  3  members  of  the  jailer's  family,  and  2  men  assisting 
about  the  jalace,  all  of  whom  used  B's  milk  in  one  form  or  another, 
fell  ill  with  typhoid,  while  the  prisoners  were  not  attacked. 

In  cities  where  large  dairies  are  the  rule,  receiving  milk  from  per- 
haps hundreds  of  farms  some  of  which  are  situated  miles  away,  it  is 
necessarily  very  difficult  at  times  to  find  the  infecting  focus.  Cases  of 
the  disease  may  occur  on  two  or  three  milk  routes,  and  search  will  show 
that  they  all  receive  jDart  of  their  milk  from  the  same  farm  or  else  that 
one  dairyman  at  times  sells  surplus  milk  to  the  others,  but  the  milk 
consumed  will  all  be  directly  or  indirectly  traced  to  some  common 
source  of  contact  of  disease  Avith  the  milk.  In  tracing  the  relationship 
between  milk  and  the  disease,  ice  cream  and  other  forms  of  milk  prep- 
arations such  as  whipped  cream  are  to  be  borne  in  mind.  A  confec- 
tioner's shop  or  bakery  may  be  the  focus  producing  an  epidemic. 

(c)  Sfecial  incidence  in  milk  drinlcers. — In  addition  to  the  fact  that 
as  a  rule  cases  occur  only  in  houses  using  the  infectious  milk,  many 
times  interesting  incidents  occur  where  in  a  family  the  only  person 
attacked  will  be  one  drinking  raw  milk,  or  where  the  only  person 
exempt  will  be  the  sole  one  not  using  it.  Usually  cases  are  found 
mainly  among  the  milk  drinkers. 

((Z)  The  hetter  houi^es  sufer  greater  invasion. — The  so-called  better 
class  of  houses  are  often  attacked  in  greater  jjroportion  than  others. 
This  is  exijlained  by  the  fact  that  families  with  larger  incomes  are  sup- 
posed to  drink  more  milk,  whereas  those  with  lesser  resources  use  it 
mainly  in  tea  or  coffee  or  cooked  in  food  preparations  and  for  children. 


EXPI^ANATIIIN    III-   1)1  \(il!AM    IV. 

Each  red  dot  represents  a  case  of  typhoid   fc\i'i- 

A — Farm  where  orio-inal  case  occurred  in  September  and  was 
nursed  b_v  wife  of  farmer  B. 

P) — Dairy  farm  wliere  wife  nursed  ])receding-  case  and  prepared 
ihe  iiullv  for  market.  Slie  and  one  son  \vere  ailing  for  some  days  hut 
did  nol  >top  work  until  October  S. 

The  dashdine--  repre.^cnl  tlie  course  and  di>tributi((n  of  tlie  milk 
from  faiin  ]'>.      All  the  ca-c-  of  typhoid  were  on  this  milk  route. 

('  anil  I)  were  farms  sellini:-  milk  to  farmer  B.  Xo  typhoid  oc- 
curred on  these  -2   farms. 

K — Farm  receixiin:'  a  small  amoinit  of  milk  daily  from  V>  for  use  of 
iiirl  stayiiii;'  at  farm.     This  yirl  contracted  typhoid. 

F.  (1.  and  II — The  :'>  other  dairy  farms  .supplyin<>-  milk  to  Elkton. 
The  .-tilid  lines  represent  their  rotites.  Xo  case  of  typhoid  on  these 
routes. 

I'oiuilation  of  Ellvtou . _   __  2.542 

Total   eases 64 

Houses  invailed _  '.i'.) 

Invaded  bouses  using  B's  milk 39 

Inv;ided  houses  usin.:;  well  water IS 

Iii\:iiIim1    liipu.srs  iisiu;;   tnwLi   \\ater_                                             21 

'I'he  large  sijiiare  —  "  T(  )AVX  "  —  rejireseiits  the  town  of  Elkton. 


DIAGRAM    IV. 
SHOWING   RELATION   OF   MILK   ROUTES  TO  TYPHOID   FEVER   CASES  AT   ELKTON,    MD,.  1900. 


\ 


r^i  m 


^ 


i/0 


i-m 


[f]  0  E 


w 


41 

Among  the  well  to  do  therefore  it  frequently  happens  that  infectious 
milk  finds  more  victims,  while  among  the  poor  the  children  are  the 
ones  most  likely  to  suffer. 

(e)  Age  and  sex. — Women  and  children  are  usually  credited  with 
chinking  more  milk  than  men,  and  it  is  generally  believed  that  a 
izreater  incidence  of  the  disease  in  them  is  a  characteristic  of  milk- 
hurne  outbreaks. 

BACILLUS  CARRIERS. 

The  term  "  bacillus  carrier  "  is  most  commonly  associated  with 
( "irriers  of  typhoid  or  Klebs-Loffler  bacilli,  and  is  used  to  designate 
persons  who  discharge  the  former  in  their  feces  or  urine,  or  both,  or 
harbor  Klebs-Loffler  bacilli  in  their  nose  or  throat.  They  may  be 
acute  or  chronic  carriers  depending  on  whether  they  carry  the  organ- 
isms for  short  or  long  j^eriods  of  time. 

Diphtheria  carriers  may  become  such  from  having  had  an  acute 
attack  of  the  disease,  or  by  associating  with  others  having  acute 
attacks,  or  with  other  bacillus  carriers.  Klebs-Loffler  bacillus  carriers 
have  undoubtedly  frequently  infected  milk,  and  thus  jiroduced  epi- 
demics of  milk  diphtheria.  This  in  all  probability  is  more  likely 
to  happen  when  the  carrier  is  a  milker  at  a  dairy  farm. 

Typhoid  carriers  are  of  particular  interest  because  it  has  been 
found  that  an  appreciable  number  of  typhoid  convalescents''  dis- 
charge tj'phoid  bacilli  in  the  urine  or  feces,  or  both,  and  that  from 
2  to  4  per  cent  continue  to  do  so  and  become  chronic  typhoid  bacillus 
carriers,  that  some  continue  so  for  j^ears  and  some  during  the  re- 
mainder of  their  lives.  It  is  now  known  that  not  only  may  convales- 
cents become  carriers,  but  that  nurses  and  those  coming  in  contact 
with  the  sick  or  with  other  carriers  may  in  turn  become  typhoid  ba- 
cillus carriers  for  longer  or  shorter  periods  of  time  and  that,  at  times, 
without  themselves  falling  victims  to  the  disease. 

Undoubtedly  these  bacillus  carriers  constitute  one  of  the  important 
factors  in  the  spread  of  typhoid  fever  by  milk.  Individuals  in  the 
early  stages  of  typhoid  may  be  physically  well  enough  to  continue  at 
work  milking  or  handling  milk ;  others  with  very  mild  attacks  maj'' 
not  cease  work  at  all.  Both  may  be  discharging  typhoid  bacilli  in 
the  excretions.  On  the  other  hand,  the  chronic  tyjjhoid  bacillus  car- 
riers may  continue  to  discharge  bacilli  not  only  for  weeks  but  for 

"W.  T.  Graham,  C.  L.  Overlander,  John  E.  Overlander,  and  M.  A.  Dniley 
found  2:5  per  pent.  (Boston  Med.  and  Surg.  .Touru.,  .Tan.  14,  1909.)  Officers 
of  the  medical  and  sanitary  departments  of  the  Government  of  India  at  the 
Central  Kesearch  Institute  at  Kasauli  found  11.0  per  cent.  (Scienlilic  Memoirs, 
No.  32,  "An  enquiry  on  enteric  fever  in  India,"  p.  7.) 
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years,  aiul  bein<!j  well,  leiiiaiii  at  work  and  coiiliniu'  a  luonace  over 
long  periods  of  time. 

"W^ien  it  is  considered  tliat  available  evidence  seems  to  show  tliat 
between  2  and  4  per  cent  of  tj'phoid  convalescents  become  chronic 
bacillus  carriers,  the  probability  that  some  of  them  are  employed  at 
dairies  in  milking  cows  and  handling  milk  is  very  great. 

Several  epidemics,  due  to  milk  infected  by  these  chronic  typhoid 
bacillus  carriers,  have  been  reported.  Others  will  undoubtedly  be 
found  with  increasing  frequency  as  epidemics  are  studied  with  this 
possibility  in  mind. 

Dr.  Henry  Albert  reports  a  small  but  interesting  outbi'eak  of  this 
kind  occurring  in  the  autumn  of  1907  at  Cedar  Falls,  Iowa : 

A  certain  geutlemau  had  typhoid  fever  a  year  ago  and  recently  4  cases  of 
typhoid  fever  developed  in  his  own  family,  7  in  the  family  of  one  neighbor  and 
2  in  the  family  of  another  neighbor.  The  nuin  who  had  typhoid  fever  a  year 
ago  owned  a  cow.  did  his  own  milking,  and  snpplied  milk  to  the  2  families  in 
which  the  cases,  respectively,  7  and  2,  developed.  The  man  who  is  supposed  to 
be  the  source  of  this  infection  is  apparently  perfectly  well,  but  has  a  slight  cysti- 
tis and  on  the  examination  of  his  urine,  typhoid  ba<-illi  were  isolated.  The 
\vater  used  by  this  man  and  his  family  came  from  a  rather  shallow  well.  It 
contained  a  large  number  of  Colon  bacilli,  but  no  typhoid  bacilli  were  found. 
This  water  was,  however,  not  used  by  any  member  of  the  other  2  families. 
Jnst  how  the  bacteria  gained  entrance  to  the  milk,  whether  from  the  hands  of 
the  bacillus  carrier  or  from  the  water  used  for  cleaning  milk  pails,  is  ditficult 
to  determine,  but  it  seems  very  certain  that  the  milk  was  the  medium  through 
which  the  infection  of  the  9  cases  in  the  neighboring  families  was  carried. 

Branthwaite  reports  an  outbreak  at  Brentry  Reformatory,  an  in- 
stitution for  the  detention  and  treatment  of  habitual  inebriates.  The 
x'eformatory  consisted  of  16  buildings,  scattered  over  about  98  acres 
of  ground.  The  institution  was  practically  isolated  from  other  com- 
munities and  housed  usually  about  265  persons.  It  ran  its  own  dairy. 
From  1899  to  1906  the  institution  remained  free  from  infectious  dis- 
eases. The  first  case  of  typhoid  occurred  in  September,  1906,  and  by 
November,  1907,  28  cases  had  developed.  The  patients  fell  ill  at 
irregular  intervals  and  always  in  groups  of  from  three  to  five.  The 
first  patient  was  a  woman  who  had  been  in  the  institution  several 
months,  and  therefore  removed  from  the  possibility  of  outside  in- 
fection. Careful  search  was  made  as  to  the  possible  introduction  of 
the  disease,  but  in  spite  of  all  i>recautions  others  continued  to  be 
attacked.  A  detailed  investigation  pointed  to  the  milk  as  the  carrier 
of  infection.  All  milk  had  been  regularly  sterilized,  and  therefore 
if  it  were  the  cause  it  was  necessarily  due  to  defective  methods  or 
to  subsequent  contamination.  A  new  sterilizing  plant  was  installed, 
and  all  handling  of  milk  after  heating  was  limited  to  two  persons,  a 
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niau  and  a  woman.  But  still  cases  dcvploped,  and  all  evidence  con- 
iiiiiied  to  point  to  the  milk.  It  was  therefore  concluded  that  infec- 
I  lulls  material  reached  the  milk  after  sterilization,  and  it  was  decided 
Id  lind  whether  one  of  the  two  i)ersons  handling:  it  was  a  bacillus 
rarrier.  The  woman  milk  handler  was  removed  from  the  dairy  and 
her  feces  examined.  Pure  cultures  of  the  typhoid  bacillus  were 
i-olated  from  her  stools.  She  was  permanently  removed  from  the 
dairy,  and,  after  a  lapse  of  the  usual  incubation  period  of  two  weeks, 
IK)  new  cases  had  developed  up  to  the  time  of  the  report,  three  months 
later. 

Dr.  A.  K.  Chalmers,  medical  officer  of  health  of  Glasgow,  Scot- 
land, reported  an  outbreak  in  Glasgow  in  December,  1907,  and 
January,  1908.  This  outbreak  is  of  interest  because  of  the  parts 
played  by  a  bacillus  carrier  and  an  acute  case  of  tyjjhoid  fever  in  the 
production  of  the  epidemic.  There  were  126  cases  of  typhoid,  in  all 
of  which  the  patients  obtained  milk  from  one  dairy.  Eight  of  the 
patients  sickened  between  December  5  and  14.  One  of' these  8  cases 
developed  at  Parkhouse  dairy  farm,  which  supplied  milk  to  the  dis- 
tributing dairy  from  which  all  the  other  patients  obtained  their  milk. 
Then  for  four  days  there  were  no  cases.  Following  this,  between 
December  19  and  January  13,  93  cases  developed.  The  result  of 
much  careful  work  in  studying  the  relationship  of  the  milk  distri- 
bution to  the  incidence  of  the  disease  showed  that  the  Parkhouse 
farm  was  the  undoubted  source  of  infection,  and  while  the  acute 
case  which  developed  there  could,  from  a  standpoint  of  time  and 
opportunity,  have  been  the  direct  cause  of  the  93  and  more  cases 
which  formed  a  typical  milk  epidemic,  and  undoubtedly  was  the 
cause,  yet  there  remained  to  be  found  the  source  of  infection  of  the 
first  8  cases,  of  which  this  patient  was  one.  The  water  supply  of 
the  farm  could  not  be  found  at  fault,  and  so  an  investigation  was 
made  of  the  dairy  hands.  There  was  found  an  elderly  woman  milker 
who  gave  a  history  of  having  been  previously  associated  with  out- 
breaks of  typhoid  fever.  She  had  had  the  disease  sixteen  j^ears 
before.  Her  stools  were  examined  and  the  typhoid  bacillus  isolated. 
Her  blood  gave  a  jDositive  Widal  reaction  with  ''  the  laboratory  strain 
of  the  typhoid  bacillus."  The  conclusions  drawn  were  that  this 
woman  was  the  source  of  infection  of  the  first  8  cases  occurring  be- 
tween December  5  and  14,  one  of  which  developed  on  this  same  farm 
in  a  woman  who  was  ill  from  December  7  to  24,  when  her  case  was 
diagnosed  as  typhoid  fever,  and  that  this  latter  case  was  the  source 
of  infection  causing  the  typical  milk  outbreak  between  December  19 
and  January  13. 
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Kayser,  in  1905,  reported  two  sniiill  milk  outbreaks  of  typlioid 
fever  traced  to  chronic  bacillus  carriers  as  the  source  of  infection." 

SOURCE    OF   MILK    CONTAMINATION. 

(1)  From  hmuh  of  mUker. — Many  dairy  employees  take  no  pre 
cautions  to  keep  the  hands  clean,  and  in  fact  the  milker  who  washes 
Ills  hands  before  milking  is  the  exception  and  not  the  rule.  He  may 
be  a  tjqijhoid  bacillus  carrier  and  be  discharging  typhoid  bacilli  in  the 
excretions,  and  any  carelessness  in  toilet  is  apt  to  deposit  bacilli  on 
the  hands  and  under  the  finger  nails.  In  the  act  of  milking  it  is 
more  than  likely  that  he  will  wash  at  least  some  of  them  into  the  milk 
pail,  and  especially  so  if  he  resorts  to  a  custom,  all  too  common, 
of  moistening  his  hands  by  squirting  milk  upon  the  palms  pre- 
liminary to  milking. 

The  milker's  hands  may  have  become  soiled  in  acting  as  nurse 
for  some  case  of  typhoid  in  the  family.  He  may  be  a  convalescent 
from  scarlet  fever  and  be  shedding  particles  of  epidermis  into  the 
milk,  or  he  may  have  diphtheria,  or  possibly  tuberculosis,  and  with 
every  act  of  sneezing  and  coughing  spray  tubercle  or  Klebs-Loffler 
bacilli  with  particles  of  sputum.  If  he  does,  as  is  not  entirely  un- 
known among  careless  milkers,  and  moistens  his  hands  by  spitting 
into  the  palms  to  facilitate  the  action  of  the  fingers  upon  the  teats, 
it  is  easily  seen  how  infective  material  may  find  its  way  into  the  milk. 

(2)  Air  and  dust  of  the  stable. — The  stable  dust  may  contain 
organisms  eliminated  by  those  working  in  it,  and  as  some  of  this 
dust  and  other  stable  refuse  adhering  to  the  flanks,  buttocks,  and 
udders  of  the  cows  and  floating  in  the  air  finds  its  way  into  the  milk, 
under  the  conditions  sometimes  employed,  it  may  carry  with  it  these 
organisms. 

(3)  The  miUi  pail. — The  milk  jiail  may  have  been  washed  and 
taken  care  of  by  some  person  or  member  of  the  family  suffering  from 
a  contagious  or  infectious  disease  and  in  the  handling  have  received 
its  quota  of  typhoid  or  other  bacilli  which  thus  find  their  way  into 
the  milk. 

(4)  Water  svpply. — The  water  su]iply  of  the  farm  or  dairy  may 
be  at  fault.  Farms  are  often  very  unfortunate  in  the  location  of  their 
wells,  which  very  frequently  become  polluted  by  cases  of  typhoid  on 
the  premises.  The  privy  vaults  are  at  times  not  far  distant  and  are 
apt  to  be  leaky  and  subject  to  seepage,  and  when  a  case  of  typhoid 

"A  fnrtlier  clisctission  of  the  subject  of  biioilhis  oarriers  nnrl  eindoniics  rluo 
to  tlieiii  will  be  found  in  llio  cliaptor  on  •■  The  milk  supply  of  cities  iu  relation 
to  the  eiiideuiiology  of  typhoid  fever." 
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lr\er  occurs  on  the  place  or  a  jwrson  eliminating  the  bacilli  sojourns 
iciiiporarily  on  the  premises,  the  possibility  of  water  contamination 
exists.  In  some  cases  the  dejecta  of  typhoid  patients  are  buried  in 
-iiiillow  holes  around  the  house  and  often  unwittingly  around  the 
Ai'll,  while  at  other  times,  as  occurred  in  some  of  the  epidemics 
ii'ported  later,  the  dejecta  were  simply  thrown  on  the  ground  where 
tlicy  could  easily  find  their  way  into  the  water  supply.  Pails  washed 
111  polluted  water,  if  not  afterwards  scalded,  may  contain  the  infect- 
i\'c  material  and  the  more  so  if  some  of  the  last  rinsing  water  still 
niiiains  in  them.  The  possibility  of  this  water  being  added  directly 
to  the  milk  need  not  be  considered,  although  it  has  undoubtedly 
played  an  important  jiart  in  some  epidemics.  The  water  used  may 
ln'  a  stream  into  which  some  household  higher  up  empties  its  sewage. 
It  has  been  suj^ijosed  that  cows  wading  into  jioljuted  streams  might 
get  ujion  the  udders  contaminated  water,  which  in  the  act  of  milking 
would  find  its  way  into  the  pail.  This  at  least  is  one  of  the  rarer 
means  of  infecting  milk. 

(5)  Milk  cooler. — If  a  milk  cooler  is  used  and  not  properly  taken 
care  of,  infectious  matei'ial  may  reach  the  milk  through  it. 

(fi)  Cans. — If  the  milk  is  then  put  into  cans  the  same  possibilities 
are  again  met  as  in  the  pails. 

(7)  Transpo7'tation. — If  the  milk  is  now  shipped  to  a  distributing 
dairy  in  the  city  there  is  always  the  ^possibility  of  its  infection  in 
transit  by  those  handling  it,  and  it  must  always  be  borne  in  mind  that 
some  person  may  surreptitiously  dip  into  the  container  with  a  soiled 
vessel  or  dipper  or  even  drink  from  the  mouth  or  top  of  the  can. 

(8)  Diffiribiifriu/  dairy. — Then  there  are  the  receptacles  used  by 
the  retailer.  In  many  distributing  dairies  the  milk  comes  in  by  train 
in  large  cans,  and  before  the  contents  are  poured  together  in  the  mixer 
each  can  of  milk  must  be  tasted  to  ascertain  whether  or  not  it  is  sour. 
One  man  usually  does  the  tasting.  It  may  be  done  in  a  manner  free 
from  criticism  or  the  taster  may  tip  each  can  before  it  is  lifted  from 
the  wagon  and,  removing  the  top,  place  his  mouth  to  the  can  and  taste 
the  milk.  T^^ien  milk  has  been  treated  in  this  manner  it  has  at  times 
been  the  custom  to  draw  into  the  mouth  a  sufficient  amount  and  then 
spit  it  upon  the  ground.  One  taster  has  been  mentioned  who  was  so 
economical  that  he  returned  the  tasted  milk  to  the  can.  Another 
means  of  tasting  which  has  at  times  been  employed  is  to  use  a  spoon 
or  small  dipper,  inserting  it  into  one  can  after  another,  and  of  course 
Ix'tween  cans  into  the  mouth  of  the  taster.  A  method  less  subject  to 
criticism  is  to  tip  each  can,  then  removing  the  cap,  taste  of  the  milk 
adhering  to  it.    The  cap  can  then  be  cast  aside  and  scalded  before 
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further  use  and  the  milk  emptied  into  the  mixing  tank.  Other  meth- 
ods entirely  free  from  criticism  are  commonly  used  by  careful  dairies. 
(9)  Bottles. — It  is  at  present  the  custom  to  deliver  milk  to  the 
consumer  in  bottles.  This  is  especially  so  in  the  cities.  It  can  be 
seen  how  this  practice  properly  ojjerated  may  be  better  than  anj' 
other;  but,  on  the  other  hand,  if  carelessly  conducted  may  be  a  source 
of  mnch  danger.  Clean  milk  in  sterile,  well-capped  bottles,  handled 
and  delivered  by  clean  men,  free  from  disease,  is  a  condition  much  to 
be  desired.  But  where  empty  bottles  returned  from  the  consumers' 
houses  are  not  properly  scalded  before  being  again  filled,  the  possi- 
bilit}^  of  contamination  by  pathogenic  organisms  is  necessarily  con- 
siderable. Bottles  left  at  houses  where  there  are  cases  of  scarlet  fever, 
typhoid,  or  diphtheria,  if  refilled  without  being  properly  scalded,  are 
undoubtedly  a  source  of  much  danger.  Many  cities  have  ordinances 
to  prevent  this,  but  the  constant  presence  of  mild  cases  of  disease,  so 
mild  and,  according  to  present  standards,  atypical,  that  a  correct 
diagnosis  is  not  made,  renders  all  regulating  measures  more  or  less 
ineffective.  The  accidental  infection  of  bottles  in  an  orderly,  well- 
regulated  household  need  not  lie  considered  so  long  as  certain  classes 
of  people  persist  in  using  them  for  various  other  purposes,  such  as 
urinals  and  receptacles  for  sputum.  Dr.  Herbert  Fox,  chief  of  the 
laboratories  of  the  Pennsylvania  state  department  of  health,  states: 

The  attention  of  the  commissioner  of  health,  Dr.  Samuel  G.  Dixon,  was 
called  to  a  slimy  mass  of  material  on  the  under  surface  of  a  milk-bottle  cap. 
He  sent  this  to  the  laboratory  and  it  was  received  in  a  very  dry  condition. 
Upon  softening  down  and  smears  made  from  it  we  were  able  to  obtain  suffi- 
cient iiroof  that  it  was  sputum.  Doctor  Dixon  informs  me  that  he  has  known 
of  milk  bottles  used  for  cuspidors  on  more  than  one  occasion. 

The  practice  of  drinking  directly  from  the  bottles  is  a  habit  that 
must  also  be  borne  in  mind  as  a  possible  means  of  contamination 
with  tubercle  and  Klebs-Loffler  bacilli.  An  example  of  apparent 
bottle  infection  is  found  in  the  typhoid  outbreak  at  Montclair,  N.  J., 
in  1902. 

Montelair  epidemic. — During  the  summer  and  autumn  of  1902 
there  was  only  an  occasional  case  of  typhoid  in  Montclair."  The 
1st  of  December  several  cases  occurred,  apparently  having  milk  from 
one  dairy  as  the  only  factor  in  common.  Investigation  of  the  farms 
producing  this  milk  failed  to  reveal  any  cases  of  disease  which  could 
be  the  source  of  the  infection.  All  persons  coming  in  contact  with 
the  milk  were  apparently  in  good  health.     More  careful  examination 

"  Ninth  Annual  Report,  Board  of  Health,  Town  of  Montclair,  N.  J.,  1903. 
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of  the  invaded  houses  showed  that  cases  of  typhoid  existed  only  in 
those  houses  receiving  milk  in  pint  bottles.  There  were  no  cases 
among  the  quart-bottle  customers.  Cases  continued  to  be  rej^orted 
on  this  route  and  the  sale  of  milk  from  the  dairy  was  therefore 
stopped.  After  two  weeks  new  cases  ceased  to  develop.  It  was  then 
found  that  a  man  from  New  York  City  had  come  to  Montclair  ill 
with  typhoid  fever  and  had  remained  for  a  few  days  at  a  house  sup- 
plied with  milk  from  this  dairy  until  he  could  be  removed  to  a  hos- 
pital. This  house  had  during  the  patient's  stay  been  supplied  daily 
with  three  pint  bottles  of  milk.  The  empty  bottles  were  removed 
daily  and,  without  sterilization,  i-efilled  and  delivered  to  other 
houses.  It  seemed  that  this  was  the  means  of  spreading  the  disease. 
Eighteen  cases  occurred  in  Montclair  and  10  in  Bloomfield,  all  in 
houses  supplied  with  milk  in  pint  bottles  from  this  dairy. 

Pathogenic  organisms  may  possibly  reach  the  milk  through  dust 
while  in  the  care  of  the  vendor,  but  most  likely  the  vendor  himself  is 
the  more  important  and  that,  while  organisms  floating  in  the  air  can 
undoubtedly  settle  into  milk,  yet  the  chief  danger  is  from  contact 
with  diseased  persons  or  those  having  an  intimate  relation  with  the 
sick. 

DETECTION   OF   MILK   EPIDEMICS. 

^Vlien  in  a  city  an  unusual  number  of  cases  of  scarlet  fever,  diph- 
theria, or  typhoid  fever  occurs  among  the  customers  of  any  one  daiiy, 
it  may  be  considered  a  sufficient  reason  for  causing  a  careful  inquiry 
to  be  made  and  a  search  for  some  source  of  milk  infection.  The  mere 
finding  of  cases  on  one  milk  route  is  not  by  any  means  conclusive 
that  milk  is  the  carrier  of  the  infection,  but  it  is  sufficient  to  cast 
suspicion  and  at  times,  undoubtedly,  also  to  warrant  regulation,  even 
if  no  source  of  contamination  is  found,  for  it  is  often  exceedingly 
difficult  to  find  the  infective  focus. 

The  health  officers  of  many  cities  have  for  some  time  been  charging 
each  case  of  typhoid  fevor,  scarlet  fever,  and  diphtheria  to  the  dairy- 
man supplying  the  milk  to  the  invaded  household.  In  this  way  it 
is  apparent  when  an  unusual  number  occurs  on  one  route,  and  meas- 
ures can  be  taken  to  ascertain  whether  the  incidence  of  the  disease 
has  an  etiologic  relationship  to  the  milk.  Cases  which  otherwise 
would  show  no  relationship  to  each  other  are  revealed  as  associated, 
and  the  milkman  makes  neighbors  of  families  separated  by  consider- 
able distance.  In  the  complicated  life  of  cities  this  gives  the  health 
officer  a  valuable  aid  in  the  control  of  certain  of  the  common  in- 
fectious diseases. 
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PREVENTION  OF  MILK  EPIDEMICS. 

Inspection  and  regulation  of  the  production,  handling,  and  sale  of 
milk  will  lessen  the  number  of  jnilk  epidemics.  In  cities  the  proper 
charging  of  each  case  of  scarlet  fever,  diphtheria,  and  typhoid  fevci- 
to  the  dairy  on  whose  route  it  occurs  will  often  reveal  milk  outbreaks, 
which  can  then  be  suppressed  before  reaching  too  great  proportion--. 
The  most  rigid  inspection  and  regulation  practicable  at  the  present 
time,  however,  are  imijotent  to  prevent  chronic  bacillus  carriers  from 
being  employed  on  milk  farms  and  at  dairies.  They  are  also  unable 
to  keep  mild  ambulant  cases  of  infectious  diseases  from  being  so  en- 
gaged, for  the  reason  that  such  cases  can  often  not  be  diagnosed  until 
after  other  cases  have  developed.  Soper's  case  "  of  "  Typhoid  Mary  "" 
was  a  constant  danger  in  her  capacity  as  family  cook  to  the  member-, 
of  the  family  in  which  she  happened  to  be  employed  and  to  visitor- 
eating  of  the  salads  and  food  prepared  by  her,  but  what  might  have 
happened  had  she  been  employed  in  the  handling  of  milk  distributed 
over  a  large  city  route  can  only  be  surmised. 

The  only  way  to  prevent  these  epidemics  entirely  would  appear  to 
be  to  pa^jteurize  or  sterilize  the  milk,  either  at  the  dairy  before  de- 
livery to  the  consumer  or  in  the  household  after  delivery. 

"  Soper  ( George  A. ) ,  Jour.  Am.  Med.  Assn.,  June  15,  1907,  p.  2019. 
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POINTS   OF   INTEREST   IN   BEPORTTNG   MILK   EPIDEMICS. 

Ill  reporting  milk  epidemics  some  of  the  points  of  special  interest 
are  the  following: 

1.  The  number  of  cases  of  the  disease  existing  in  the  involved  ter- 
ritory during  the  time  covered  by  the  epidemic. 

2.  The  number  of  houses  invaded  by  the  disease. 

;3.  The  number  of  invaded  houses  supplied  in  whole  or  in  part, 
directly  or  indirectly,  by  the  suspected  milk. 

4.  The  number  of  cases  occurring  in  invaded  houses  so  supplied. 

.").  The  number  of  houses  supplied  with  the  suspected  milk. 

().  The  relative  j^i'oportion  of  houses  so  supplied  to  those  supplied 
by  other  dairies. 

7.  The  time  covered  by  the  epidemic. 

s.  The  location  of  the  case  or  cases  from  which  the  milk  became 
contaminated. 

9.  The  relation  of  the  original  case  to  the  milk. 

10.  The  time  relation  of  the  original  case  to  the  epidemic. 

11.  The  special  incidence  of  the  disease  among  milk  drinkers. 

12.  The  elimination  of  other  common  carriers  of  infection. 

13.  The  effect  upon  the  epidemic  of  closing  the  dairy  or  taking 
:?uch  measures  as  will  eliminate  possibility  of  milk  contamination 
from  the  suspected  focus. 

14.  The  finding  of  the  specific  organism  in  the  milk. 

BUSEY    AND    KOBER'S    SUMMARY    OF    EPIDEMICS. 

Busey  and  Kober  summarized  the  epidemics  compiled  by  them  as 
follows : 

TYPHOID-FEVER  EPIDEMICS. 

.Mr.  E.  Hart  tabulated  50  epidemics  of  typhoid  fever  and  we  have  collected 
hS,  iiialviug  a  total  of  138  epidemics  traceable  to  a  specific  pollution  of  the 
milk,  the  main  facts  of  which  are  presented  in  a  subjoined  table.  In  109  in- 
stances there  is  evidence  of  the  disease  having  prevailed  at  the  farm  or  dairy. 
In  51  epidemics  the  poison  reached  the  milk  by  soakage  of  the  germs  into  the 
woll  water  with  which  the  utensils  were  washed  and  in  13  of  these  instances 
(Nos.  5,  24,  39,  45,  70,  .89,  90,  98,  99.  103,  111,  116,  124),  the  intentional  dilution 
with  polluted  water  is  admitted.  In  C  instances  (Nos.  10,  74,  104,  107,  312, 
121)  the  infection  is  attributed  to  the  cows  drinking  or  wading  in  sewage-pol- 
luted water.  In  three  instances  (Nos.  118,  123,  131)  the  infection  was  spread 
in  ice  cream  prepared  in  infected  premises.  In  21  instances  the  dairy  em- 
pli>yees  also  acted  as  nurses  (Nos.  1,  C,  12,  16,  17,  24,  30,  37,  38,  41,  46,  52, 
i;:,.  (IS,  82,  110,' in,  115,  126,  127,  133).  In  6  instances  (Nos.  101,  102,  113, 
117,  132,  1.34)  the  patienis  while  suffering  from  a  mild  attack  of  enteric  fever, 
or  during  the  first  week  or  ten  days  of  their  illness  continued  at  work,  and  those 
of  us  who  are  familiar  with  the  personal  habits  of  the  average  dairy  boy  will 
have  no  difliculty  in  surmising  the  manner  of  direct  digital  infection.  In  one 
instance   (No.  24)   the  milk  tins  were  washed  with  the  same  dishcloth  used 

111  I— Hull.  .".0—09 4 
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among  the  fever  patients.  In  one  instance  (No.  87)  the  disease  was  attributi'd 
to  an  abscess  of  the  udder,  in  another  (No.  92)  to  a  teat  eruption,  aud  in  NO. 
81  to  a  febrile  disorder  in  the  cows.  Nos.  85,  103,  120,  and  127  were  cri'amery 
cases.     In  No.  96  the  millv  had  been  lv.ept  in  the  sick  room. 

SCARLET-FEVER  EPIDEMICS. 

Sir.  Hart  collected  15  epidemics  of  milk  scarlatina,  and  we  have  tabulated 
50,  making  a  total  of  74  epidemics  spread  through  the  medium  of  the  milk 
supply,  the  details  of  which  will  be  found  in  Table  No.  II. 

In  41  instances  the  disease  prevailed  either  at  the  milk  farm  or  dairy.  In  6 
instances  persons  connected  with  the  dairy  either  lodged  in  or  had  visited  infect- 
ed houses.  (See  Nos.  8,  9,  10,  11,  15,  40.)  In  No.  12  the  milkman  had  taken  his 
can  into  an  infected  house.  In  20  instances  the  infection  was  attributed  to  dis- 
ease among  the  milch  cows:  in  4  of  these  (Nos.  17,  18,  19,  35)  the  puerperal 
condition  of  the  animal  is  blamed.  In  9  instances  disease  of  the  udder  or  teats 
was  found.  (See  Nos.  30,  31,  34,  39,  41,  59,  Gl,  02,  66.)  In  one  instance  (No. 
64)  the  veterinarian  diagnosed  a  case  of  bovine  tuberculosis.  In  6  instances 
there  was  loss  of  hair  and  casting  of  the  skin  in  the  animal.  (See  Nos.  17,  18, 
19,  38,  40,  41.)  In  No.  68  the  cattle  were  found  to  be  suffering  more  or  less  from 
febrile  disturbance.  In  10  instances  the  infection  was  doubtless  conveyed  by 
persons  connected  with  the  milk  business,  while  suffering  or  recovering  from  an 
attack  of  the  disease  (see  Nos.  2,  22,  26,  29,  42,  57,  58,  60,  69,  71),  and  in  at  least 
8  cases  by  persons  who  also  acted  as  nurses.  (Nos.  1,  2,  7,  9,  13,  14,  25,  63.) 
In  three  instances  (Nos.  1,  73,  74)  the  milk  had  been  kept  in  the  cottage  close 
to  the  sick  room.  In  No.  1.5  the  cows  were  millied  into  an  open  tin  can  which 
was  carried  across  an  open  yard  past  an  infected  house,  and  in  No.  53  the  milk- 
man had  wiped  his  cans  with  white  flannel  cloths  (presumably  infected)  which 
had  been  left  in  his  barn  by  a  peddler.  Nos.  21  and  44  appear  to  have  been 
instances  of  mixed  infection  of  scarlet  fever  and  diphtheria. 

DIPHTHERIA    EPIDEMIfS. 

Mr.  Hart  collected  7  epidemics  of  milk  diphtheria  aud  we  have  added  21  more. 
(See  Table  III.)  In  10  of  these  28  instances  diphtheria  existed  at  the  farm  or 
dairy,  and  in  10  instances  the  disease  is  attributed  directly  to  the  cows  having 
garget,  chapped  and  ulcerative  affections  of  the  teats  and  udder,  while  in  No.  13 
the  cows  were  apparently  healthy  but  the  calves  had  diarrhea.  (See  Nos.  2,  5, 
14,  18,  19,  20,  21,  22,  24,  25.)  In  No.  23  one  of  the  dairymaids  suffered  from  a 
sore  throat  of  an  erysipelatous  character,  and  in  No.  27  the  patient  continued 
to  milk  while  suffering  from  diphtheria.  In  No.  28  one  of  the  drivers  of  the 
dairy  wagons  was  suffering  from  a  sore  throat. 
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THE  MILK  SUPPLY  OF  CITIES  IN  RELATION  TO  THE 
EPIDEMIOLOGY  OF  TYPHOID  FEVER. 


By  Leslie  L.  Lumsden, 
Passed  Assistant  Surgeon,  Puhlic  llcalth  mid  Marine-Hospital  Service. 


Milk  is  a  favorable  culture  medium  for  the  typhoid  bacillus. 
Therefore,  if  a  small  jiarticle  of  matter  containing  this  organism  is 
introduced  into  milk  the  organism  may  undergo  rapid  multiplication 
and  become  disseminated  throughout  the  bulk  of  the  milk.  The  tem- 
perature at  which  the  milk  is  kept  and  the  number  and  kind  of  other 
bacteria  present  affect  the  rate  at  which  the  multiplication  of  typhoid 
bacilli  takes  jjlace,  and  in  some  instances,  no  doubt,  the  bacilli,  after 
gaining  access  to  a  body  of  milk,  die  out  before  that  milk  is  drunk. 
In  the  majority  of  instances,  however,  it  is  probable  that  the  bacilli 
will  survive  and  so  endanger  all  susceptible  persons  into  whose 
alimentary  canals  such  milk  is  taken. 

Considering  the  tremendous  multiplication  which  the  bacilli  can 
undergo  within  twenty- four  hours  in  milk  it  is  easy  to  appreciate 
how  one  bottle  or  can  of  infected  milk  taken  into  a  dairj'  and  there 
mixed  with  a  large  volume  of  milk  may  be  responsible  for  exposure 
to  infection  of  several  thousand  jiersons. 

Dairj'  products,  such  as  ice  cream,  buttermilk,  butter  and  cheese, 
etc.,  made  from  infected  milk  may  be  factors  in  the  spread  of  typhoid 
fever. 

Ice  cream. — It  has  been  proven  experimentally  that  the  process  of 
freezing  does  not  at  once  destroy  all  typhoid  bacilli,  and  outbreaks 
of  typhoid  fever  have  been  traced  quite  definitely  to  infected  ice 
cream. 

Butter  and  cheese.- — Butter  made  from  milk  experimentally 
infected  with  typhoid  bacilli  may  retain  the  bacilli,  according  to 
Bruck,"^  as  long  as  twenty-seven  days,  and  according  to  Washburn '' 
for  as  long  as  sixty  days  or  more.  Although  it  would  seem,  under 
ordinary  circumstances,  that  the  presence  of  many  vigorous  sapro- 

"  I'.nick,  Deut.  MwJ.  Woch.,  vol.  29,  1903,  p.  460. 

6  Wasbbui-n,  Wasbiugton  Medical  Annals,  Vol.  VII,  No.  1,  1908,  p.  107. 
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phytes,  the  washing  out  of  large  numbers  of  bacteria  in  the  butter- 
milk, and  the  salting  would  lessen  the  chances  of  typhoid  bacilli 
remaining  in  the  butter,  yet  in  view  of  the  experimental  evidence  this 
dairy  product  should  be  kept  in  mind  as  a  possible  factor  in  the 
spread  of  typhoid  fever  infection  and  its  manufacture  from  pre- 
sumably infected  milk  prohibited. 

Buttermilk  of  course  would  be  fully  as  dangerous  as  the  cream 
from  which  it  was  derived. 

Cheese. — The  time  required  im-  the  ripening  of  cheese  makes  the 
chances  of. infection  from  this  dairy  product  certainly  very  slight. 

Butter  and  cheese  from  a  given  source  are  usually  so  widely  dis- 
tributed that  should  an  outbreak  of  typhoid  fever  in  a  lai'ge  city  be 
caused  by  infection  in  them  it  would  be  very  difficult  to  trace  unless 
the  outbreak  were  verj'  pronounced  and  other  possible  factors  could  be 
excluded  so  that  attention  would  be  directed  to  these  dairy  products. 

WAYS  IN  WHICH  THE  TYPHOID  BACILLUS  MAY  GET  INTO  MILK. 

At  the  dairy  farm. — The  milk  supply  for  the  average  American 
city  is  obtained  from  a  large  number  of  dairy  farms,  and  the  lia- 
bility of  cases  of  typhoid  fever  developing  every  year  among  per- 
sons living  on  these  farms  can  be  readily  appreciated.  The  city  of 
Washington,  for  example',  obtains  its  milk  supply  from  about  1,000 
dairy  farms.  Estimating  the  average  number  of  persons  living  at 
a  dairy  farm  at  about  7,  and  considering  the  fact  that  every  year, 
in  the  United  States,  about  1  jjerson  in  every  300  has  typhoid  fever, 
some  25  cases  per  year  may  be  expected  to  occur  on  the  dairy  farms 
supplying  Washington  with  milk. 

A\lT[en  cases  exist  on  the  dairy  farms,  there  is.  in  the  majority  of 
instances,  much  likelihood  of  the  infection  being  conveyed  from  the 
patients  to  the  milk.  Frequently  the  cases  are  not  recognized  as 
typhoid  until  the  second  or  third  week  of  illness,  during  which  period 
no  precautions  are  taken.  In  many  instances  there  are  mild  cases 
unattended  by  a  physician  and  cases  following  an  irregular  course, 
which  go  through  the  attack  without  being  recognized.  Too  fre- 
quently when  the  cases  are  correctly  diagnosed  in  the  comparatively 
early  stages  of  the  disease  the  disinfection  of  the  patient's  stools  and 
urine  and  the  other  precautions  necessary  to  prevent  the  spread  of 
the  infection  are  found  to  be  woefully  inefficient. 

When  the  infection  is  not  destroyed  as  it  leaves  the  body  of  the  pa- 
tient, there  are  many  ways  in  which  the  typhoid  bacilli  may  be  carried 
from  a  patient  on  a  dairy  farm  to  the  milk.  Thus,  those  caring  for 
the  sick  or  handling  the  soiled  bedding  or  e.\creta  of  the  patient  may 
convey  the  infection  on  their  hands  or  clothing.  Persons  who  have 
recovered  from  the  symptoms  of  the  disease,  but  are  still  discharging 
the  bacilli  in  their  stools  or  urine  may  directly  contaminate  the  milk 
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in  handling  it.  Some  persons  after  passing  through  an  attack  of 
typhoid  fever  continue  to  discharge  the  bacilli  in  their  stools  or  urine 
for  years.  One  of  these  "  bacillus  carriers "  working  in  milk  at  a 
dairy  farm  or  dairy  may  contaminate  a  can  of  milk  from  time  to 
time  and  be  the  source  of  infection  for  a  number  of  cases-. 

There  have  been  reported  recently  several  outbreaks  of  milk-laorne 
typhoid  fever  traced  to  infection  from  bacillus  carriers.  Albert " 
reports  an  outbreak  in  October,  1907,  at  Cedar  Falls,  Iowa,  in  which 
13  cases  occurred  in  the  three  families  supplied  with  the  suspected 
milk.  The  man  who  owned  the  cow  and  did  the  milking  had  had 
typhoid  fever  one  year  previous  to  the  outbreak.  He  was  found  to 
have  a  slight  cystitis  and  typhoid  bacilli  were  demonstrated  in  the 
urine.  No  source  other  than  the  urine  of  this  man  could  be  discovered 
to  account  for  the  infection  in  tlie  milk. 

Lumsden  and  Woodward  ''  report  an  outbreak  in  September  and 
October,  1908,  in  Washington,  D.  C,  in  which  54  cases  occurred.  The 
cases  were  among  the  customers  of  two  different  dairymen,  both  of 
whom,  however,  received  a  part  of  their  milk  supply  from  a  certain 
farm.  All  the  evidence  obtained  pointed  to  this  farm  as  the  source 
of  the  infection  in  the  milk.  No  history  of  recent  sickness  on  the 
farm  could  be  ascertained.  A  search  for  bacillus  carriers  among  the 
persons  on  the  farm  was  made  and  in  the  specimen  of  feces  obtained 
from  one  of  the  milkers — a  woman  who  had  had  an  attack  of  typhoid 
fever  about  eighteen  years  before  the  time  of  the  outbreak — typhoid 
bacilli  were  found  in  large  numbers.  No  source  other  than  the  feces 
of  this  woman  could  be  discovered  to  account  for  the  infection  in  the 
milk. 

Scheller,''  in  the  course  of  an  investigation  of  an  unusual  preva- 
lence of  typhoid  fever  in  a  section  near  Kihiigsburg,  Germany, 
directed  his  attention  to  the  milk  supjily.  lie  discovered,  among 
those  who  handled  the  milk,  a  woman  who  was  excreting  in  her 
stools  and  urine  typhoid  bacilli.  There  appeared  to  be  no  doubt 
that  this  woman,  who  had  had  an  attack  of  typhoid  fever  seventeen 
years  before,  constituted  the  source  of  infection  for  the  outbreak. 
There  were  on  the  estate  180  persons;  of  these,  140  neither  consumed 
nor  in  any  way  handled  the  milk  and  the  excreta  of  all  of  them 
were  found  to  be  free  from  typhoid  bacilli.  Of  the  40,  however, 
u  iio  either  handled  or  consumed  the  milk,  18  were  found  to  be  bacillus 
carriers.  Only  4  of  the  IS  had  had  an  attack  of  typhoid  fever  and 
these  4  had  had  the  attack  some  years  before.  Some  of  the  car- 
riers were  excreting  the  typhoid  bacilli  in  the  feces,  some  in  the  urine, 

"Ilys.  Lai).  RuII.  No.  41,  .Tau.,  1908,  p.  10. 

'.Toiiru.  Am.  Med.  Assn.,  Jlarcli  (>,  1!W)1),  vol.  i.ii,  pp.  719-752. 
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and  some  in  both  feces  and  urine.  The  large  number  suggested 
that  they  might  be  temporary  or  acute  carriers.  The  woman  origi- 
nally discovered  to  be  a  carrier  was  removed  from  the  dairy.  The 
milkers  were  i-equired  to  wash  their  hands  in  a  disinfectant  solution 
before  milking.  Those  who  had  typhoid  bacilluria  were  treated  with 
urotropin.  Within  a  month  after  these  precautions  were  taken  the 
stools  and  urine  of  all  the  cai'riers  were  again  examined  bacteno- 
logically  and  all  found  negative  except  those  of  the  original  woman, 
whose  excreta  still  contained  tyj^hoid  bacilli  in  large  numbers. 

The  Strasbourg  School  has  found,  in  a  number  of  instances,  such 
temporary  or  acute  carriers  among  healthy  j)ersons  living  in  close 
association  with  typhoid  fever  cases. 

The  possibility  of  there  being  chronic  or  acute  bacillus  carriers 
among  those  concerned  in  handling  the  milk  should  be  kept  in  mind 
in  the  investigation  of  a  suspected  milk  supply. 

It  is  possible  for  persons  in  the  early  stage  of  the  disease,  and 
even  before  becoming  ill  enough  to  take  to  bed,  to  contaminate  milk. 
,The  spread  of  infection  from  cases  in  the  early  stage  has  generally 
been  considered  of  infrequent  occurrence  on  the  ground  that  the 
bacilli  rarely  appear  in  the  urine  before  the  end  of  the  third  week 
of  illness  and  that  few  if  any  are  discharged  in  the  feces  during  the 
first  week  or  two.  On  the  contrary,  H.  Conradi,"  who  has  made 
extensive  studies  on  the  conveyance  of  tjqihoid  infection  in  Germany, 
states  that  he  has  reached  the  conviction  that  not  only  is  the  infection 
transmitted  most  often  during  the  earliest  stages  of  the  disease,  before 
its  true  nature  has  been  recognized,  but  that  it  also  frequently  takes 
place  during  the  incubation  period.  He  bases  this  opinion  on  the 
observation  that  of  89  cases  which  he  attributed  to  infection  by  con- 
tact, some  58  per  cent  of  the  secondary  cases  had  onset  of  illness 
within  a  Aveek  after  the  onset  of  illness  of  the  primary  cases. 

Flies  passing  from  infected  excreta  to  the  milk  or  the  milk  cans 
may  readily  convey  the  infection. 

The  excreta  of  patients  thrown  into  the  privy  or  in  the  yard  or  field 
near  by  may  be  carried  by  drainage,  seepage,  on  the  feet  of  jiersons, 
etc.,  to  the  well,  spring,  or  stream  from  which  water  is  used  for  wash- 
ing cans,  and  so  be  conveyed  to  the  milk. 

In  country  places  there  are  frequent  instances  where  chickens  and 
other  fowls  have  free  access  to  the  privy  contents  and  may  readily 
carry  infection  on  their  feet  to  the  well  or  spring  or  to  the  dairy- 
house  yard  in  which  milk  cans  are  set.  The  excreta  of  i)atients,  care- 
lessly handled,  may  become  dried  and  carried  as  dust  into  exposed 
milk  or,  more  frequently  perhaps,  into  exposed  milk  vessels. 

"Deut.  Med.  Woch.,  Oct.  10,  1907. 
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Bottles  or  cans  in  some  way  contaminated  at  the  home  or  dairy  in 
the  city  and  without  previous  disinfection  are  again  filled  with  milk 
at  the  dairy  farm  may  be  the  means  of  conve^dng  infection  from  the 
dairy  farm  back  to  the  city. 

At  the  dairy. — Milk  after  it  reaches  the  city  dairy  is  exposed  again 
to  the  danger  of  becoming  contaminated  by  persons  handling  it  or 
by  flies,  dust,  etc. 

At  the  average  large  city  dairy  there  are  a  number  of  employees 
who  reside  at  their  own  homes.  At  times  some  of  these  persons  may 
come  directly  from  the  bedside  of  a  case  of  unrecognized  typhoid 
lever  in  the  family  to  the  dairy  and,  as  is  the  case  too  frequently, 
without  being  required  to  change  their  clothes  or  to  wash  their  hands 
in  a  germicidal  solution,  engage  in  handling  the  milk. 

In  some  American  cities  many  of  the  dairies  are  located  in  the 
most  unhygienic  sections,  and  frequently  cases  of  typhoid  fever  are 
cared  for  in  houses  adjoining  the  dairy  or  even  in  the  same  building. 
In  these  instances  it  is  easy  to  understand  how  flies  may  pass  from 
the  dejecta  of  a  patient  to  a  can  or  bottle  of  milk  and  so  be  the 
means  of  conveying  the  infection.  Cans  or  bottles  returned  from 
houses  in  which  there  are  typhoid  patients  and  which  have  been 
handled  by  persons  caring  for  the  sick  and  not  disinfected  before 
being  refilled  ma}^  be  the  means  of  disseminating  the  infection  in 
the  milk. 

From  the  water  used  for  washing  the  bottles  or  cans,  etc.,  at  the 
city  dairy,  the  typhoid  bacillus  may  reach  the  milk.  Considering  the 
immense  dilution  in  which  the  typhoid  bacillus  must  usually  exist 
in  water  taken  from  a  large  volume,  such  as  a  river  or  lake,  for  supply- 
ing a  city,  it  may  be  that  persons  ai'e  rarely  infected  directl_y  by  the 
organism  in  the  water;  but  the  occasional  typhoid  bacillus  in  the 
water,  upon  being  introduced  into  the  milk  and  there  multiplying, 
may  infect  persons  drinking  that  milk. 

At  the  grocery. — -In  the  studies  of  Rosenau,  Lumsden,  and  Kastle" 
on  the  prevalence  of  typhoid  fever  in  the  District  of  Columbia  thexe 
were  found  a  number  of  instances  in  which  typhoid  patients  were 
being  cared  for  in  rooms  above  or  to  the  rear  of  small  grocery 
stores.  In  these  stores  milk  was  sold  in  small  quantities,  often  as 
little  as  a  cent's  worth  at  a  time,  so  that  a  quart  bottle  would  be 
divided  among  several  customers.  The  same  hands  that  nursed  the 
patient  ])urveyed  the  milk.  In  such  instances  not  only  is  there  a 
Hkelihood  of  infection  being  sent  out  in  the  milk  directly  from  the 
store,  but  these  much-handled  bottles  may  do  damage  when  returned 
to  the  dairy. 

"  Hygienic  Laboratory  Riilletin  No.  35,  Report  on  the  Origin  and  I'revalence 
of  Typhoid  Fever  in  the  District  of  (."olnnibia,  1907, 


158 

At  the  home. — Milk  after  being  delivered  to  the  house  may  become 
contaminated  by  the  hands  of  those  caring  for  the  sick  or  by  flies, 
etc.,  and  be  the  medium  of  conveyance  of  infection  to  other  members 
of  the  liousehold. 

DETERMINATION  OF  AN  OUTBREAK  OE  TYPHOID  FEVER  DUE  TO 
INFECTED   MILK. 

In  the  epidemiological  studies  of  typlioid  fever  in  a  city  a  card 
shoukl  be  kept  for  each  milk  dealer  and  on  this  card  should  be  noted 
all  cases  of  typhoid  fever  in  persons  who  within  thirty  days  previous 
to  onset  of  illness  have  used  milk  supplied  by  that  dealer.  Thus,  as 
soon  as  an  unusual  number  of  cases  are  reported  along  the  route  of 
any  dairyman  it  is  apparent  on  the  card  and  attention  may  be  given 
at  once  to  the  dairy  and  the  farms  supplying  the  dairj^  with  milk. 

A  number  of  conditions  should  be  taken  into  consideration  in 
determining  what  constitutes  an  unusual  number  of  cases  among  the 
customers  of  a  given  dairyman.  Of  those  conditions  to  be  especially 
considered  are  the  general  prevalence  of  tyjDhoid  fever  in  the  com- 
munit3%  the  amount  of  milk  sold,  the  method  of  handling  the  milk 
at  the  dairy,  the  number  of  sources  from  which  tiie  milk  comes  to 
the  dairy,  and  the  way  in  which  milk  is  served  to  customers. 

Ten  or  fifteen  cases  occurring  in  the  course  of  ten  days  among 
the  customers  of  a  dairyman  who  sold  1,000  gallons  of  milk  daily, 
and  who  at  his  dairy  mixed  the  milk  received  from  the  various 
dairy  farms  supplying  him  before  delivering  it  to  his  customers, 
might  not  imjDress  an  investigator  as  being  an  unusual  number  of 
cases,  especially  if  typhoid  fever  was  generally  quite  prevalent  in 
the  community  and  the  cases  among  the  dairyman's  customers  were 
distributed  over  a  large  section  of  the  city.  On  the  other  hand,  if  it 
were  learned  that  at  the  dairy  the  milk  was  bottled  directly  from 
the  individual  cans  as  they  came  from  the  difi'erent  farms,  and  that 
the  10  or  15  cases  had  occurred  among  persons  who  had  been  served 
with  milk  from  one  farm  which  supplied  the  dairy  with  10  or  20 
gallons  of  milk  daily,  suspicion  would  fall  at  once  upon  the  milk. 

In  tlic  first  case,  however,  the  milk  might  have  been  equally  at 
fault,  the  infection  having  been  originally  in  one  can  of  milk  as  it 
came  from  the  farm:  but  as  (he  milk  in  this  can  was  mi.xed  with  a 
large  volume  of  other  milk  in  which,  due  to  temperature,  lack  of  time, 
or  otlier  conditions,  the  infective  organisms  did  not  undergo  much 
multiplication,  and  so  were  distributed  in  high  dilution  in  the  milk, 
even  as  they  may  be  at  times  in  cases  of  water  infection. 

In  order  to  properly  charge  to  each  dairyman  the  cases  having 
used  milk  supplied  by  him  it  is  necessary  to  take  into  consideration 
not  only  the  source  of  the  milk  used  regularly  by  the  patient  during 
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the  thirty  days  previous  to  onset  of  illness  but  also  of  that  used  occa- 
sioiialJy.  Frequentty  it  will  be  found  that  a  family  receiving  its 
regular  milk  supply  from  a  certain  dairy  will  on  occasions,  when  the 
regular  supply  is  not  sufficient  for  the  needs  of  the  day,  obtain  milk 
from  some  other  dairy,  directly  or  through  the  grocery  store.  The 
milk  obtained  on  one  of  these  occasions  may  be  infected  and  so  respon- 
sible for  the  case.  The  source  of  milk  used  at  places  other  than  the 
regular  one  for  taking  meals  also  should  be  ascertained  if  possible. 

Cases  resulting  from  infection  in  the  milk  are  by  no  means  confined 
to  persons  who  use  milk  as  a  beverage.  The  cream  or  milk  used  on 
cereals,  fruits,  or  even  in  coffee  may  convey  the  infection.  In  the 
summer  of  1906  in  Washington  there  were  six  cases  in  one  family  of 
eight  persons,  all  of  which  were  attributed  quite  definitely  to  infected 
milk.  None  of  the  members  of  this  family  drank  milk,  but  they  all 
used  cream  on  fruits  and  cereals.  Of  course  the  chances  of  contract- 
ing the  infection  from  milk  is  gi'eater  among  persons  who  use  milk 
freely. 

George  Newman "  sums  up  the  characteristics  of  milk-borne  epi- 
demics as  follows: 

(a)  There  is  a  special  incidence  of  disease  upon  tlie  trade  (^f  the  implicated 
milk  siipiily.     It  is  localized  to  such  area. 

(&)   Better-class  houses  and  persons  generally  suffer  most. 

(e)  Milk  drinkers  are  chiefly  affected  and  they  suffer  most  who  are  large 
consumers  of  raw  milk. 

(fZ)  Women  and  children  suffer  most,  and  frequently  adults  suffer  propor- 
tionately more  than  children. 

(e)   Incubation  periods  are  shortened. 

(/)   There  is  a  sudden  onset  and  rapid  decline. 

((/)   Multiple  cases  in  one  house  occur  simultaneously. 

(/i)  Clinically  the  attacks  of  the  disease  are  often  mild.  Cuutact  infectivity 
is  reduced  and  the  mortality  rate  is  lower  than  usual. 

In  the  different  outbreaks  due  to  infected  milk  it  is  interesting  to 
note  how  greatly  the  proportion  of  persons  affected  among  the  users 
of  the  milk  varies.  In  some  outbreaks  the  proportion  is  as  great  as 
"l'>  per  cent;  for  instance,  in  the  epidemic  at  Palo  Alto,  Cal.,  in  1903, 
which  was  traced  to  infected  milk  by  Fish,  Mosher,  and  Snow.  Of 
the  900  jjersons  who  used  milk  from  the  infected  supply,  232  had 
typhoid  fever.  In  other  outbreaks  the  proportion  is  as  low  as  1  or  2 
per  cent.  Several  conditions  no  doubt  influence  the  proportion  of 
persons  affected,  the  most  important  of  which  probably  is  the  amount 
III'  infection  in  the  milk.  In  the  Palo  Alto  epidemic  it  was  deter- 
mined that  the  milk  became  infected  through  the  water  used  for 
washing  the  cans  and  also  at  times  for  diluting  the  milk.  This  water 
was  obtained  from  a  creek  which  received  the  drainage  from  several 
houses  in  which  there  were  patients  with  typhoid  fever.     The  water 
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of  the  creek  for  two  or  three  weeks  must  have  been  quite  heavily 
charged  with  tj-phoicl  bacilli,  so  that  probably  the  majority  of  the 
milk  cans  washed  in  this  water  received  some  of  the  organisms. 

It  is  easy  to  understand  how  a  milk  supply  thus  almost  if  not  quite 
continuously  infected  for  several  weeks  may  cause  the  infection  of  a 
large  proportion  of  the  persons  who  use  that  milk;  but  when  the 
infection  is  introduced  into  the  milk  at  irregular  intervals  for  a  like 
period,  as  would  be  expected  when  the  infection  is  conveyed  on  the 
hands  or  clothing  of  persons  or  by  flies,  etc.,  a  very  small  proijortion 
of  the  consumers  of  the  milk  may  become  infected. 

The  susceptibility  of  the  people  supplied  with  infected  milk,  of 
course,  would  aifect  the  proportion.  In  a  community  where  typhoid 
fever  had  been  prevalent  for  years,  and  in  which  thei-e  would  be  a 
number  of  persons  rendered  relativel}'  immune  by  previous  infection, 
we  would  expect  less  susceptibility  than  in  a  community  where  the 
disease  had  never  prevailed. 

That  it  takes  susceptibility  plus  exposure  to  infection  for  the 
disease  to  occur  was  strongly  suggested  by  an  instance  in  the  course 
of  a  milk  outbreak  in  the  District  of  Columbia  in  the  fall  of  190G.  In 
a  children's  home  having  about  100  inmates  7  children  came  down 
with  typhoid  fever  within  a  period  of  two  or  three  days.  The  way  in 
which  the  milk  wah  delivered  to  and  served  at  the  institution  made  it 
practically  impossible  for  the  7  children  affected  to  have  drunk  milk 
from  any  one  can,  or  one  daj^'s  delivery,  from  which  at  least  75  per 
cent  of  the  children  did  not  drink.  Thus  of  75  children  almost  cer- 
tainly drinking  infected  milk  only  7  had  the  disease.  It  is  conceiv- 
able that  in  such  an  instance  the  typhoid  bacilli  in  the  can  or  cans  of 
infected  milk  either  were  very  few  in  number  or  that  they  were  not 
uniformly  distributed  through  the  bulk  of  the  milk,  so  that  onl}'  one 
or  two  of  the  children  drinking  from  a  5-gallon  can  of  milk  actually 
received  any  of  the  bacilli;  but  it  seems  much  more  reasonable  to 
conclude  that  all  of  the  75  children  received  some  of  the  bacilli  and 
the  escape  of  the  majority  was  due  entirely  to  lack  of  susceptibility 
at  the  time  the  organisms  were  ingested. 

It  seems  quite  probable  that  dilferent  strains  of  the  typhoid  bacillus 
vary  markedly  in  their  infectiveness.  The  writer  has  become  im- 
pressed with  this  view  by  observing  in  the  course  of  his  studies  of 
typhoid  fever  in  the  District  of  Columbia  frequent  instances  in  which 
there  are  one  or  more  cases  of  typhoid  fever  in  a  household  in  a  most 
unhygienic  and  crowded  neighborhood,  many  jiersons  having  free 
association  with  the  patients,  the  excreta  of  the  patients  being  handled 
v.ith  the  grossest  carelessness,  flies  swarming  over  the  excreta  as  well 
as  over  the  food  for  the  sick  and  well,  and  yet  under  these  apparently 
very  favorable  conditions  for  the  sjjread  of  typhoid-fever  infection 
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not  a  single  secondary  case  develops  among  other  persons  in  the 
household,  or  even  in  the  neighborhood.  In  other  instances,  one  or 
more  cases  are  being  cared  for  in  a  household  in  good  sanitary  sur- 
roundings, ordinary  care  as  to  cleanliness,  disposal  of  patients'  ex- 
.  creta,  personal  contact  with  patients,  etc.,  being  exercised,  and  yet 
two  or  three  or  more  secondary  cases  develop  among  other  persons  in 
the  house  or  in  houses  near  by. 

Of  course  in  making  a  comparison  of  such  instances  it  can  not  be 
stated  how  much  the  results  are  affected  by  individual  susceptibility 
or  by  the  operation  of  some  as  yet  unknown  factor  or  factors  in  the 
conveyance  of  or  in  the  establishment  of  susceptibility  (perhaps 
specific)  to  typhoid-fever  infection. 

It  may  be  readily  understood  how  strains  of  the  organism  of  a  low 
degree  of  infectiveness  (and  of  virulence)  getting  into  milk,  there 
undergoing  tremendous  multiplication  and  so  being  distributed  in 
large  closes,  may  cause  outbreaks  of  typhoid  fever.  This  view  of  low 
infectiveness  and  virulence  of  the  organism  being  offset  by  large 
dosage  is  supported  by  some  of  the  features  observed  in  a  number  of 
the  reported  milk-borne  outbreaks.  For  instance,  short  period  of 
incubation,  sudden  onset  and  rapid  decline  of  attack,  reduced  contact 
infectivity  and  low  fatality  rate. 

It  is  theoretically  possible,  however,  that  these  features  are  due  to 
large  dosage  alone.  Thus,  a  large  number  of  virulent  organisms 
upon  being  introduced  suddenly  into  relatively  highly  resistant 
tissues,  a  pronounced  reaction  occurs  (sudden  onset  of  definite  symp- 
toms) with  resulting  formation  of  relatively  large  amount  of  anti- 
bodies (rapid  decline  of  attack,  reduced  contact  infectivity,  etc.). 

The  estal)lishment  of  milk  as  the  causative  factor  in  an  outbreak  of 
typhoid  fever  is  based  on  the  following  points : 

(a)  A  sudden  and  marked  increase  in  the  number  of  cases  along 
the  route  of  some  dairyman,  without  a  corresponding  increase  in  the 
number  of  cases  among  persons  living  in  the  same  sections  of  the  city 
but  supplied  with  milk  from  other  sources.  In  a  town  supplied  largely 
or  entirely  by  one  dairyman  a  sudden  increase  in  the  number  of  cases 
would  not  implicate  the  milk  unless  other  facts  pointed  to  it  and 
other  factors  could  be  excluded,  but  in  large  cities,  where  the  people 
of  practically  every  square  are  supplied  with  milk  by  two  or  more 
dairymen,  an  increase  in  the  number  of  cases  distinctly  on  the  route 
of  a  given  dairyman  is  quite  easily  determined.  This  fact  alone  is 
evidence  that  the  milk  is  responsible,  and  if  an  investigation  reveals 
that  at  a  time  corresponding  to  the  period  in  which  the  group  of  cases 
along  the  dairyman's  route  became  infected  there  was  at  the  dairy  or 
1414— Bull.  !JG— 09 11 
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one  of  the  dairy  farms  a  patient  with  typhoid  fever  whose  discharges 
could  readily  have  reached  the  milk,  the  chain  of  evidence  is  suffi- 
ciently strong  to  justify  the  assumption  that  the  outhreak  was  due  to 
the  milk  supplied  by  this  dairyman,  especially  if  the  cases  can  not 
positively  be  proven  to  have  been  due  to  some  other  factor. 

(h)  The  demonstration  of  the  typhoid  bacillus  in  the  suspected 
milk.  ^\nien  this  is  done,  the  chain  of  evidence  is,  of  course,  complete. 
But  frequently  it  can  not  be  done,  because  in  the  period  of  usually 
three  or  four  weeks — covering  the  incubation  period,  diagnosis,  and 
report  of  the  cases — elapsing  between  the  time  of  infection  of  the  cases 
and  the  recognition  of  the  outbreak,  the  typhoid  bacillus  has  disap- 
peared from  the  milk. 

If  cases  of  typhoid  fever  are  not  discovered  to  account  for  the 
infection  of  an  implicated  milk  supply,  it  is  well  to  examine  bacteri- 
ologicallj'  the  stools  and  urine  of  all  persons  who  handle  the  milk  at 
the  farms  and  the  dairy.  In  this  way  the  source  of  the  infection  may 
be  found  in  the  discharges  of  some  person  who  has  the  disease  in  an 
ambulant  and  unrecognized  form  (temporary  bacillus  carrier)  or  of 
some  one  who  has  been  carrying  the  infection  for  months  or  even 
years  (chronic  bacillus  carrier). 

Besides  the  large  groui^s  of  cases  of  typhoid  fever  caused  by  in- 
fected milk,  there  must  be  in  large  cities  frequently  single  cases  or 
small  groups  of  cases  which  are  due  to  infection  in  the  milk  and  yet 
can  not  be  traced  to  that  source.  In  a  community  where  factors  other 
than  milk  were  oi^erating  to  cause  a  rather  extensive  prevalence  of 
typhoid  fever,  5  or  6  cases  occurring  within  a  few  days  among  the 
customers  of  a  dairyman  supplying  several  hundred  families  with 
milk  would  direct  some  suspicion  toward  that  milk  supply,  but  if 
this  small  group  of  cases  should  not  be  followed  by  an  unusually 
large  number  of  cases  on  the  route  of  this  dairyman  and  no  typhoid 
cases  were  found  on  the  dairy  farm  or  at  the  dairy,  these  5  or  6  cases 
would  be  placed  by  the  investigator  among  those  clue  to  causes  unde- 
termined or  to  causes  other  than  milk.  In  many  such  instances,  how- 
ever, these  groups  of  cases  are  doubtless  due  to  infection  introduced 
m  one  of  the  many  possible  ways — hands,  clothes,  flies,  water  for 
washing  cans,  etc. — into  a  part  of  the  dairyman's  output  of  milk  for 
jiei-haps  only  one  day. 

In  cities  having  milk  supi)li(Hl  by  a  number  of  daii'vmen,  if  several 
of  these  small  groups  of  cases  among  customers  of  different  dairy- 
men occur  at  about  the  same  time,  a  list  of  the  farms  sup])lying  each 
of  the  suspected  dairies  should  be  studied,  and  if  it  is  found  that  two 
or  more  of  these  dairies  receive  milk  fi-om  any  one  farm,  an  investiga- 
tion should  be  made  of  that  farm,  and  in  this  way  the  source  of  the 
infection  for  the  several  groups  of  cases  may  be  determined. 
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MEASURES    TO    PREVENT    THE    DISSEMINATION    OE    THE    INFEC- 
TION  OF   TYPHOID   FEVEE.  IN   MILK. 

(a)  The  prevention  of  the  introduction  of  infection  into  milh. — ■ 
This  at  once  suggests  itself  as  the  proper  measure;  but  the  difficult}^ 
of  carrying  it  out  practical!}'  becomes  evident  when  we  consider  the 
number  of  farms  from  which  the  milk  supply  of  the  average  Amer- 
ican cit}-  is  obtained,  the  liability  of  cases  of  typhoid  fever  occurring 
on  these  farms,  and  the  numerous  ways  in  which  the  infection  may  be 
convej'ed  from  the  patient  to  the  milk.  New  York  City's  milk  sup- 
pl}',  according  to  Darlington,  is  derived  from  35,000  farms,  and 
shipi^ed  from  700  creameries,  located  in  6  States.  It  is  easy  to  ap- 
preciate how  difficult  and  expensive  it  would  be  to  keep  up  a  suffi- 
ciently thorough  supervision  of  the  multiijle  sources  of  that  city's 
milk  supply.  It  is  practicable  to  accomplish  much  toward  the  pre- 
vention of  the  infection  getting  into  the  milk  after  the  milk  is  de- 
livered to  the  city.    The  following  requirements  are  suggested: 

1.  Location  of  the  dairies  in  good  surroundings. 

2.  The  prevention  of  the  handling  of  the  milk  by  persons  who  are 
in  contact  with  tyjDhoid  fever  patients  or  who  themselves  are  liable 
to  be  discharging  typhoid  bacilli  in  their  excreta.  It  does  not 
seem  unreasonable  to  require  the  owner  of  a  store  in  which  milk  is 
sold  and  in  which  there  is  a  patient  with  typhoid  fever  to  either 
remove  the  patient  to  a  hospital  or  some  other  house  or  to  close  up 
the  business  until  the  danger  from  that  patient  is  passed. 

3.  Exclusion  of  flies  and  other  insects  so  far  as  possible,  by  screen- 
ing, etc. 

4.  Sterilization  of  bottles  and  cans  returned  from  houses  before 
being  again  filled  with  milk,  or  the  use  of  paper  bottles  which  would 
not  need  to  be  returned. 

5.  The  sealing  of  the  bottles  or  cans  of  milk  so  that  they  ma}'  not 
be  infected  in  the  course  of  delivery. 

[h)  The  destruction  of  infection  in  milk. — This  at  the  present  time 
seems  to  be  the  cheapest  and  the  most  practicable  method  to  prevent 
the  spread  of  typhoid  infection  in  the  milk  supplj^  of  cities.  In 
exceptional  instances  when  a  dairy  receives  its  supjDly  of  milk  fron> 
only  one  or  two  farms  over  which  a  thorough  supervision  may  bo 
exercised,  efforts  to  jDrevent  the  infection  reaching  the  milk  may  be 
iittem])ted.  But  for  the  general  supply  of  (dties  officially  supervised 
|>;isteuiization  of  the  milk  is  the  best  measure.  Supplement  this  with 
ail  intelligent  supervision  over  the  depots  and  stores  where  milk  is 
Hcihl  and  milk  as  a  causative  factor  of  typhoid  fever  in  cities  would  be 
removed. 

In  other  words,  pasteurization  appears  at  tlie  present  time  to  I)C 
the  only  practical  solution  of  the  milk  problem.  All  objections  to 
the  proi)er  pasteurization  of  milk  seem  to  be  entirely  theoretical  or 
such  as  may  be  readily  overcome. 
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Of  the  theoretical  objections,  one  frequently  advanced  in  written 
or  spoken  arguments  and  placarded  at  model  dairy  farm  exhibits  is, 
"  Pure  milk  is  better  than  purified  milk."  That  maj  be  true ;  but 
how  can  jDure  milk  be  obtained  in  sufficient  quantity  to  supply  our 
larger  cities  and  at  what  cost? 

Milk  to  be  desirably  clean  must  be  obtained  from  especially  well- 
equipped  dairy  farms  and  handled  entirely  by  highly  skilled  and 
highly  conscientious  or  closely  guarded  persons.  The  cost  of  install- 
ing such  equipment  and  the  employment  of  such  a  class  of  labor 
would  have  to  be  met  by  a  decided  increase  in  the  jirice  of  milk, 
while  pasteurization — certainly  if  done  on  a  large  scale — should  not 
increase  the  price  of  milk  more  than  a  small  fraction  of  a  cent  on 
the  quart. 

Another  objection  to  the  pasteurization  of  milk  is  that  the  heat 
does  not  remove  the  objectionable  bacteria,  but  simply  kills  them,  so 
that  the  consumer  gets  the  dead  bacteria  anyhow.  That  is  true; 
but  does  it  not  ajDpear  safer  to  ingest  these  dead  bacteria  than  to 
take  into  the  alimentary  canal  the  same  bacteria  living,  which  may 
continue  to  multiply  and  generate  an  increasing  amount  of  products 
harmful  to  the  human  organism?  Xo  reasonable  advocate  of  pas- 
teurization can  hold  that  grossly  dirt)'  milk  should  be  used  as  a  food, 
either  j^asteurized  or  unpasteurized,  the  aim  being  to  get  milk  as 
pure  as  practicable  and  then  purify  it  to  a  point  of  safety.  Milk 
containing  only  10  bacteria  to  the  cubic  centimeter  would  not  be  safe 
if  some  of  those  bacteria  were  typhoid  bacilli. 

Another  seemingly  entirely  theoretical  objection  to  pasteurization 
is  that  the  heat  changes  the  milk  in  some  waj'  so  that  it  induces  cer- 
tain diseases,  such  as  scurvy  and  rickets,  or  lowers  the  resistance  of 
l)ersons  using  it  so  that  they  are  more  liable  to  certain  infections, 
]«irticularly  intestinal  diseases.  The  vast  bulk  of  reliable  evidence 
so  far  recorded  on  this  subject  indicates  that  this  objection  is  not 
siqjported  by  facts,  while  there  is  constantly  accumulating  indis- 
putable evidence  that  there  is  much  sickness  caused  by  organisms  in 
raw  milk,  which  organisms  would  be  destroyed  by  pasteurization. 

A  removable  objection  to  the  pasteurization  of  milk  is  that  the 
heat  destroys  the  lactic  acid  producing  organisms  which  cause  the 
"natural  souring"  of  milk,  and  leaves  organisms  which  produce 
otlier  kinds  of  fermentation  ("putrefaction")  to  flourish.  Should 
this  objection  prove,  by  further  study,  to  be  valid,  it  could  be  met 
readily  by  adding  to  the  milk  after  it  is  pasteurized  some  pure  cul- 
ture of  lactic  acid  forming  organisms. 

Tt  seems  that  in  jiastenrizatioii  we  have  a  luiictical,  unobjection- 
able, immediately  needed  remedy,  while  in  the  necessary  measures 
to  obtain  a  ])ure  milk  supi)ly  for  our  larger  cities  we  have  but  a 
liope  for  the  future. 
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THE  FREQUENCY  OF  TUBERCLE  BACILLI   IN  THE   MARKET 
M~ILK  OF  THE  CITY  OF  WASHINGTON,  D.  C. 


By  John  F.  Andkbson, 

Passed  Assistant  Surgeon  and  Assistant  Director  Hygienic  Laboratory,  Public 
Health  and  Marine-Hospital  Service,  Washington,  D.  C. 


INTRODUCTION. 

Numerous  investigators  in  recent  years  have  shown  the  infectious- 
ness of  milk  containing  tubei'cle  bacilli  for  animals.  ^\niether  the 
milk  from  animals  with  tuberculosis  but  with  healthy  udders  con- 
tains tubercle  bacilli  is  not  definitely  settled.  Many  juominent  scien- 
tists seem  to  have  shown  that  at  times  the  milk  from  such  animals 
does  contain  tubercle  bacilli  virulent  for  laboratory  animals,  but  in 
the  view  of  recent  work  there  may  be  some  doubt  as  to  whether  the 
bacilli  really  passed  through  the  udder  but  gained  access  to  the  milk 
from  contan^ination  with  feces  containing  tubercle  bacilli. 

Schroeder  and  Cotton  "  have  recently  shown  that  cows  so  slightW 
affected  with  tuberculosis  as  only  to  be  discoverable  by  the  tuberculin 
reaction  pass  virulent  bacilli  in  their  feces.  Many  believe  that  milk 
from  a  tuberculous  cow  with  unaffected  udder  is  free  from  infection 
and  becomes  infected  from  the  feces  of  the  animal  or  its  environment. 
This  observation  is  of  the  very  greatest  importance,  and  if  confirmed 
shows,  more  than  ever,  that  the  greatest  care  is  necessary  in  guarding 
milk  from  contamination  from  the  time  it  is  drawn  until  it  is  con- 
sumed. 

The  milk  supply  of  many  of  the  cities  of  Europe  and  England  has 
been  examined  for  tubercle  bacilli.  Most  observers  have  used  the 
animal  test;  they  have  injected  various  amounts,  either  centrifugal- 
ized  or  not,  into  guinea  pigs  or  I'abbits.  The  percentage  of  samples 
showing  tubercle  bacilli  has  varied  between  very  wide  limits,  no 
'loubt  dependent  upon  the  difference  in  the  number  of  tuberculous 
rows  in  the  herds  supplying  milk  to  the  different  cities  and  on  dif- 

"  Scliroeder,  C.  C.  and  Cotton,  W.  E. :  Bull,  of  tlio  Biirciui  of  Anunnl  Industry, 
1907. 
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ferences  in  teclmic.  Some  observei-s  have  found  that  when  a  number 
of  animals  are  inoculated  with  the  same  samples  of  milk  only  one, 
perhaps,  will  develop  tuberculosis.  Some  centrifugalized  the  milk 
and  gave  sediment  alone,  while  others  gave  sediment  and  cream. 

I  will  not  enter  into  the  question  whether  the  tubercle  bacilli  found 
in  milk  are  virulent  for  man,  but  give  my  results  solely  as  to  whether 
the  market  milk  of  the  city  of  Washington  contains  tubercle  bacilli 
virulent  for  guinea  pigs.  For  myself  I  object  most  strenuously  to 
using  milk  containing  tubercle  bacilli  virulent  for  laboratory  ani- 
mals and  i^refer  to  leave  the  question  as  to  their  pathogenicity  for 
man  to  be  discussed  by  others. 

Before  presenting  the  results  obtained  by  me  with  the  market  milk 
of  the  city  of  Washington  it  will  be  interesting  to  refer  briefly  to 
results  obtained  elsewhere  by  othei-s. 

REVIEW   OF  LITERATURE. 
Bang,  B.     Deut.  Zeit.  f.  Thiermed.  XI,  1884.  p.  45. 

,  Injected  apparently  normal  milk  from  the  sound  quarter  of  an 
udder  another  part  of  which  was  diseased,  into  the  belly  wall  of  two 
rabbits,  which  developed  inoculation  tuberculosis  and  died  after  2^ 
and  3J  months,  re.spectively.  This  was  repeated  later  with  two  more 
specimens  of  milk,  with  the  same  result.  He  also  demonstrated  that 
the  milk  of  tuberculous  cows  without  demonstrable  udder  lesions, 
could  contain  tubercle  bacilli. 

Stein,  G.  Experimeutelle  Beitrage  zur  lufektion  der  Milch  perlsuclitigei'  Kuhe. 
Inaug.  Dissert.,  Berlin,  1884. 

Intraperitoneal  inoculation  of  guinea  pigs  with  raw  milk  of  tuber- 
culous cows.  Ten  negative  and  four  positive  results.  In  two  of  the 
latter  tubercle  bacilli  were  demonstrated,  and  two  negative.  Some 
of  the  cows  had  tuberculosis  of  the  udder. 

Hirschberger,  K.    Experinientelle  Beitrage  zur  Infeetiositiit  der  Milcli  tiibercu- 
liiser  Kiihe.     Deut.  Arch.  f.  klin.  Med.,  XLIV,  1889,  p.  400. 

Twenty  specimens  of  milk  from  tuberculous  cows  injected  into  the 
peritoneum  of  guinea  pigs.  None  of  the  animals  inoculated  died  of 
septic  peritonitis.  Eleven  of  the  specimens  proved  to  contain  tubercle 
bacilli.  (Other  acid-fast  organisms,  of  course,  were  not  differen- 
tiated.) By  microscopic  examination  only  one  of  the  specimens  of 
milk  was  shown  to  contain  tubercle  bacilli.  Tubercle  bacilli  oc- 
curred not  only  in  milk  from  tuberculous  udders,  but  also  where 
the  udders  were  sound,  and  where  the  cow  was  but  slightly  affected 
with  tuberculosis. 

Gebhiirdt,  F.  Experinientelle  ITntersuchnngen  ueber  deu  Einfluss  dor  A'ordiin 
niing  auf  die  Wirksuuikeit  des  tulwrkuloseu  Giftos.  Virch.  Arch.,  CIX, 
1890,  p.  127. 
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First  series  (2.5  cubic  centimeters  of  milk  or  dilutions  injected  into 
guinea  pigs  intraperitoneally ;  milk  from  a  tuberculous  udder)  :  Un- 
diluted milk  and  1  to  20,  positive  result;  1  to  40  to  1  to  100,  negative. 

Second  series  (2  cubic  centimeters  tluid  injected  intraperitoneally)  : 
Undiluted  milk,  positive;  1  to  50  to  1  to  200,  negative. 

Third  series  (1  cubic  centimeter  subcutaneously)  :  Undiluted  milk 
and  1  to  50,  positive;  1  to  100  to  1  to  1,000.  negative. 

These  results  show  the  effect  of  dilution  of  infected  milk  by  unin- 
fected milk,  as  it  will  be  seen  that  dilutions  of  greater  than  1  to  50 
failed  to  produce  tuberculosis  in  the  inoculated  animals. 

In  an  examination  of  market  milk  from  ten  different  sources  in 
Munich,  2  cubic  centimeters  were  injected  into  the  peritoneum  of 
guinea  pigs  with  negative  results  in  all  cases. 

Ernst,  H.  C.  How  far  may  a  cow  be  tuberculous  before  her  milk  becomes 
dangerous  as  an  article  of  food?  Amer.  Jour.  Med.  Sci.,  XCVIII,  ISOO,  p. 
439. 

1.  Microscopic  examination  of  cover-glass  preparations  made  from 
milk  of  tuberculous  cows  without  udder  tuberculosis.  Various  parts 
of  milk  and  cream  examined : 

Specimens  examined 114 

Specimens  containing  tubercle  bacilli 17 

Per   cent 31.5 

Cows  examined 36 

Cows  having  tubercle  bacilli  in  milk 10 

Per  cent 27.  7 

2.  Inoculation  of  I'abbits  (method  not  stated)  with  similar  milk: 

Rabbits  surviving  first  few  days,  etc 49 

Rabbits  becoming  tuberculous 5 

Per    cent 10.2 

Cows  used 13 

Cows  with  milk  shown  tuberculous 3 

Per  cent 23 

3.  Inoculation  of  guinea  pigs  (method  not  stated)  with  similar 
milk : 

Guiuea  pigs  after  necessary  exclusions 54 

(juiuea  pigs  becoming  tuberculous 12 

Per  cent 22 

Per  cent  (author  says) 28.  .57 

Cows  used 14 

Cows  giving  tuberculous  milk 6 

Per  cent 42.8 
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4.  Feeding  calves  with  similar  milk,  5  out  of  12  (41.0(5  per  cent  ) 
became  tuberculous. 

5.  Feeding  pigs  with  similar  milk,  2  out  of  5  (40  per  cent)  became 
tuberculous. 

McFadyean  &  Woodhead.  On  the  transuiissiou  of  tulierciilosis,  etc.  Inteni.it. 
Cong.  Hyg.  and  Demog.,  1891,  sec.  2.  p.  1!»7. 

Inoculations  with  tuberculous  udder  juice  and  milk  from  tubercii 
lous  udders  70  per  cent  were  positive  (14  of  19).  Inoculations  with 
nontuberculous  udders  and  hiilk  from  tuberculous  cows  (udders  not 
affected),  16  per  cent  were  positive  (2  of  13). 

Bang,  U.  Experimentellc  UutersucUuugen  iieber  tuberculose  Milch.  Di'ut. 
Zeit.  f.  Thiermed.  XVII,  1891,  S.  1. 

Examined  the  milk  of  28  cows  having  advanced  tuberculosis,  but 
no  udder  involvement.     Rabbits  injected,  with  1  or  2  cubic  centi 
meters  intra peritoneally.     The  milk  of  two  of  these  cows  was  show  n 
to  contain  virulent  tubercle  bacilli. 

'  Fioveiitini,  A.     (Jiornale  della  R.  Soc.  d'igieue.     1S92,  p.  198.      (Ref.  iu  Bauni- 
gartens  Jabresb.,  1892,  p.  698.) 

Injected  the  milk  of  tuberculous  cows  into  the  peritoneum  of 
guinea  pigs,  with  positive  results  (tuberculosis)  in  three  cases.  In 
two  of  these  there  Avas  udder  tuberculosis.' 

Friis,  St.  Beitrag  zur  Beleuchtung  der  Frage  ueber  die  Ansteckungsgefalir 
der  Handelsmilcb  mit  bezug  auf  die  Tuberkiilose.  Deut.  Zeit.  f.  Tliiermcd., 
Bd.  XIX,  1893,  p.  115. 

Samples  of  mixed  milk  from  46  establishments  in  and  about  Cn- 
jK'iihagen  were  examined.  E.xperiments  from  May  to  October. 
Eighteen  samples  must  be  excluded  from  (consideration  on  accoinit  of 
the  early  death  of  the  inoculated  animals.  Of  the  remaining  28  speci- 
mens, 4  were  found  to  contain  tubercle  bacilli  (14.3  per  cent).  One 
of  the  positive  specimens  was  from  a  herd  of  30  cows,  only  1  of  which 
was  susj^ected  of  having  tuberculosis,  showing  the  danger  of  diluted 
ttiherculous  milk.  The  other  milk  in  whicii  the  tubercle  bacilli  was 
foMiid  was  from  dairies  having  one  or  more  tuberculous  cows. 

Friis,  St.  Fortgeselzte  Uutersuchungen  u.  s.  w.  Deut.  Zeit.  f.  Thiermed.  I'd. 
XX.    1894,  p.  195. 

In  a  former  paper,  q.  v.,  the  author  has  considered  town  milk, 
from  Copenhagen.  He  now  investigates  country  milk,  taking  the 
s])eciniens  at  the  railroad  station  iipon  the  arrival  of  the  milk.  Ex- 
j)eriments  from  January  to  May;  the  former  examinations  were  at  a 
later  time  in  (lie  year. 
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Five  cubic  centimeters  each  of  40  specimens  were  injected  intra- 
peritoneally  into  rabbits.  Seven  specimens  excluded  by  early  death 
of  the  animals.  No  tubercle  bacilli  were  demonstrated  in  any  of  the 
remaining  33  specimens,  although  in  one  instance  the  findings  were 
extremely  suspicious.  Consequently  the  country  milk  is  regarded  as 
being  much  freer  from  tubercular  infection  than  the  town  milk. 
Also  a  much  smaller  percentage  of  animals  died  of  jjeritonitis  when 
injected  with  the  country  milk. 

Schroeder,  E.  C.  Further  experimental  observations  on  tlie  presence  of  tu- 
bercle bacilli  in  the  milk  of  cows.  Bulletin  No.  7,  B.  A.  I.,  Agrie.  Dept. 
1894,  p.  75. 

1.  Samples  of  mixed  milk  from  dairies.  Forty  cubic  centimeters  of 
milk  centrifuged,  5  cubic  centimeters  of  sediment  Layer  injected  into 
the  peritoneum  of  guinea  pigs.  Other  pigs  inoculated  with  5  cubic 
centimeters  of  the  whole  milk.  Of  19  specimens,  1  apparently  con- 
tained tubercle  bacilli  as  the  animal  receiving  the  whole  milk  died 
of  tuberculosis.  Its  companion  getting  the  centrifuged  sediment 
rejuained  normal. 

2.  Samples  of  milk  from  tuberculous  cows  diagnosed  clinically  or 
by  tuberculin.  Milk  of  12  such  cows  injected  into  guinea  pigs.  Only 
1  showed  tubercle  bacilli. 

3.  Repeated  injections  into  the  same  guinea  pig  of  milk  from  the 
same  tuberculous  cow  not  having  udder  tuberculosis.  Four  such 
cows  used,  from  2  to  7  pigs  receiving  several  injections  of  the  milk 
of  the  same  cow.    None  of  the  pigs  became  tuberculous. 

The  author  concludes  that  careful  inspection  of  all  dairy  herds, 
which  has  for  its  object  the  detection  and  removal  of  all  advanced 
cases  of  tuberculosis,  and  especially  of  cows  with  diseased  udders, 
would  probably  exclude  the  sale  of  most  infected  milk. 

Ernst,  H.  C.  Article  on  The  Infectiousness  of  Milk,  Bt)Ston,  lSil.5.  Pul).  by  Soc. 
for  Promoting  Agriculture. 

Modifies  the  statements  of  results  made  in  a  former  article  which 
was  published  before  the  completion  of  the  experiments. 
A.  Milk  from  cows  having  tuberculosis,  but  healthy  udders. 

1.  Cover-glass  examinations.  Thirty -six  cows  examined ;  tubercle 
bacilli  in  milk  of  12  (33.33  per  cent). 

2.  Subcutaneous  inoculation  of  guinea  pigs.  Eighty-eight  guinea 
pigs  inoculated ;  12  became  tuberculous.  Fifteen  cows  examined ; 
tubercle  bacilli  in  milk  or  cream  of  (5  (40  per  cent). 

3.  Subcutaneous  inoculation  of  rabbit.s.  Ninety  rabbits  inoculated ; 
G  became  tuberculous.  Nineteen  cows  examined;  tubercle  bacilli  in 
milk  of  4  (21  per  cent). 
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4.  Feeding  rabbits,  details  not  given.  Forty-eight  rabbits  fed;  2 
became  tuberculous.  Five  cows  examined;  tubercle  bacilli  in  milk 
of  1  (20  per  cent). 

5.  Feeding  pigs.    Ten  pigs  fed;  5  became  tuberculous. 

6.  Feeding  calves.     Twenty-one  calves  fed;  8  became  tuberculous. 

B.  Milk  at  random  from  Boston  supply. 

1.  Cover-glass  examination ;  1  specimen  out  of  33  contained  tubercle 
bacilli. 

2.  Inoculation  of  rabbits.  Thi-ee  out  of  25  rabbits  became  tuber- 
culous. (From  the  tables  it  appears  that  3  of  13  specimens  contained 
tubercle  bacilli,  although  this  is  not  stated  in  the  t«xt.) 

C.  Of  19  calves  bom  of  tuberculous  cows,  and  autojisied  within  six 
days  of  birth,  no  evidence  of  tuberculosis  was  found. 

Oberuiiiller,   Kimo.     Ueber  TuberkelbaeillenbefiiiKle  iu  tier  Marktmilch.,    Hyg. 
Rundsch.,  V,  1895,  No.  10,  p.  877. 

At  first  injected  the  milk  without  centrifuging.  Some,  at  least,  of 
the  specimens  had  been  freed  from  the  slime  layer  in  the  creamery. 
Oi  40  guinea  pigs  inoculated,  3  died  of  peritoneal  tuberculosis.  Eight, 
however,  had  died  within  a  few  hours  of  inoculation.  Later  he  im- 
proved his  technic  by  first  centrifuging  the  milk  and  then  injecting  a 
mixture  of  the  cream  and  sediment  layers.  By  this  method  38  per 
cent  of  all  the  animals  injected  became  tubei'culous.  (Although  the 
author  does  not  specifically  state  it,  it  appears  from  the  tables  that  of 
the  W  specimens  the  animals  injected  with  which  remained  alive  long 
enough  to  determine  the  jiresence  of  tuberculosis,  9  contained  tubercle 
bacilli. 

Buege,  A.     Ueber  die  Untersuchung  der  Milch  auf  Tuberlvell)aciilen.     Inaug. 
Dissert.,  Halle,  1S96. 

Nine  specimens  of  Halle  market  milk  were  injected  into  17  guinea 
pigs  intraperitoneally.  Three  specimens  were  excluded  on  account  of 
the  early  death  of  the  animals.  In  2  of  the  remaining  G  specimens 
tubercle  bacilli  were  demonstrated  by  the  findings  in  the  aninuils  after 
death.  He  injected  .5  cubic  centimeters  of  a  mixture  of  cream  and 
.sediment  from  the  centrifuged  40  cubic  centimeters  samjjle  used  in 
each  case. 

Delci.liie.  S.    Jour,  f'oniii.  Talh.  and  Thcr.,  vol.  10,  jip.  l.">(),  ISi). 

By  microscopic  examination  found  tubercle  bacilli  in  4  out  of  some 
40  specimens  of  unmixed  milk.  Hy  the  inocidation  method,  20  to 
25  per  cent  of  these  milks  were  found  to  be  tuberculous.  He  prefers 
the  subcut.aneous  method  of  inoculation  to  the  intraperitoneal,  as 
being  more  delicate. 
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Hope,  W.  E.    Report  of  the  Medical  Officer  of  Health,  liiverpool,  1897,  on  tuber- 
culosis as  affecting  the  milk  supply  of  the  city. 

Two  hundred  and  twenty-eight  samples  of  milk  from  town  dairies 
were  examined  and  12,  or  5.2  per  cent,  were  found  to  contain  tubercle 
bacilli.  Sixty-seven  samples  from  country  dairies  showed  9,  or  13.4 
per  cent,  with  tubercle  bacilli.  The  work  was  done  by  Boyce,  Dele- 
pine,  Hamilton,  and  Woodhead.  Animal  inoculations,  intraperitoneal 
or  subcutaneous,  of  plain  milk  or  of  the  sediment  after  centrifuging. 

Massone,  A.    Annali  d'igiene  sperimeutale,  1897,  p.  230.    (Ref.  in  Hyg.  Rundsch., 
VIII,  1897,  p.  605.) 

Examined  a  large  series  of  samples  of  Genoa  market  milk  for  the 
presence  of  the  tubercle  bacillus.  Centrifuged  70  to  80  cubic  centi- 
meters of  the  mixed  milk  for  15  minutes,  and  then  injected  5  to  G 
cubic  centimeters  of  a  mixture  of  the  cream  and  sediment  into  the 
l^eritoneum  of  guinea  pigs.  In  9  per  cent  of  the  cases  tubercle 
bacilli  were  demonstrated  in  tlie  milk  by  these  means. 

Ott.     Eiu    weiterer    Beitrag    zur    Milchhygieue.     Zeit.    f.    Fleisch    und    Milch- 
hygiene,  1897,  VIII,  p.  60. 

Examined  specimens  of  mixed  market  milk  for  the  presence  of 
tubercle  bacilli.  By  staining  specimens  of  the  milk,  treated  by  a 
special  process,  he  demonstrated  tubercle  bacilli  in  5  out  of  43  speci- 
mens. =  11.6  per  cent.  Guinea  pigs  were  then  inoculated  intraperi- 
toneally  with  5  cubic  centimeters  of  a  mixture  of  cream  and  sediment 
of  centrifuged  milk,  obtained  from  the  dealert;  who  had  furnished 
the  tuberculous  specimens. 


Tubercle  bacilli  microscopic- 
ally. 


Inoculation  lesult. 


-f  firstexamination; 
5  per  field 


Pig  1  died  in  23  days;  tuberculous.    Tubercle  bacilli  found. 
Pig  2  killed  in  30  days;  tuberculous.    Tubercle  bacilli  found. 
Both  pigs  normal  after  5  weeks. 

Pig  1  died  in  28  days;  tuberculous.  Tubercle  bacilli  found. 
Pig  2  died  in  35  days;  tuberculous.  Tubercle  bacilli  found. 
Both  killed  in  6  weeks.    First  normal;  second  tuberculous. 

Tubercle  bacitli  found. 
Pig  1  died  in  40  days;   tuberculous.    Tubercle  bacilli  not 

mentioned. 
Pig  2  killed  in  40  days;    tuberculous.    Tubercle  bacilli  not 

mentioned. 


In  another  series,  30  specimens  of  market  milk  were  injected  intra- 
peritoneally  into  30  guinea  pigs,  5  cubic  centimeters  each.  Six  ani- 
uiiiis  died  of  intercurrent  diseases,  only  2,  however,  too  early  for  the 
(le\eloi)ment  of  tuberculosis. 

Four  died  of  tuberculosis,  but  it  was  subsequently  found  that  2  of 
(hem  had  received  milk  from  the  same  dealer. 

To  sum  up  (after  making  the  necessary  exclusions),  of  27  (author 
:iys  28)  specimens,  3  contained  virulent  tubercle  bacilli,  (11.1  per 
iciit)    (author  says  10.7  per  cent). 
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Delepine,  S.     Brit.  Med.  Jour.,  1898,  vol.  2,  p.  918. 

In  a  popular  lecture,  gives  the  following  results  with  milks  col- 
lected by  health  officers  of  Liverpool,  Manchester,  and  elsewhere : 

(a)  Seven  specimens  unmixed  milk  from  cows  showing  no  evidence  of  tuber- 
culosis.   Tubercle  bacilli  in  none  of  tbe  specimens. 

(6)  Twenty-two  specimens  unmixed  milk  from  cows  showing  distinct  evi- 
dence of  tuberculosis  and  in  6  cases  udder  involvement.  Tubercle  bacilli  in 
27.24  per  cent. 

(c)  Fifty-four  specimens  mixed  town  milk.  Tubercle  bacilli  in  5.55  per 
cent. 

{(l)  One  hundred  and  twenty-five  specimens  countrj-  farm  milk.  Tubercle 
bacilli  in  17.0  per  cent. 

The  presence  of  tubercle  bacilli  was  determined  by  inoculation  of 
guinea  pigs  and  their  post-mortem  examination. 

Petri.     Zuni    Nachweis  der   Tuberkelbacilli    in    Butter   und   Milch.     Arb.   a.    d. 
kais.  (;es.-Amt.,  XIV,  1898.  p.  1. 

Milk  specimens  taken  from  various  places  in  Berlin.  Centrifuged 
in  150  cubic  centimeter  flasks.  Three  cubic  centimeters  each  of 
cream,  skim  milk,  and  sediment  injected  into  4  guinea  pigs  (12 
animals  for  each  specimen).  Later,  on  account  of  the  lack  of 
animals,  5  cubic  centimeters  from  each  specimen  were  inoculated  into 
each  of  4  guinea  pigs. 

Sixty-four  specimens  were  examined.  Tubercle  bacilli  were  dem- 
onstrated in  nine  (14  per  cent).  Tubercle  bacilli-like  rods,  not  true 
tubercle  bacilli  in  4  specimens  (0.3  per  cent). 

It  ajipears  that  200  out  of  the  478  animals  died,  mostly  of  peri- 
tonitis within  the  fir.st  three  weeks,  thus  eliminating  7  specimens 
from  consideration,  and  leaving  57  on  which  to  base  a  percentage  of 
incidence.  As  9  of  these  contained  tubercle  bacilli,  the  corrected 
percentage  would  be  17.5. 

The  importance  of  using  a  large  number  of  animals  for  each  speci- 
men is  shown  by  the  fact  that  in  only  3  of  the  9  positive  specimens 
did  more  than  1  animal  lu'come  tuberculous.  In  these  3  cases  there 
were  2. 

Ascher.     UntersuchunKungen  von  Butter  und  Milch  auf  'I'ulH'rki'lbacilli'u.     Zeit. 
f.  Ilyg.,  Bd.  32,  1899,  S.  329. 

Inject«d  17  specimens  of  Koningsberg  milk  into  guinea  pigs  intra- 
peritoneally.  One  of  the  animals  becutmc  tuberculous.  The  milk 
was  partly  centrifuged,  and  the  cream  and  sediment  injected,  and 
partly  uncentrifuged.     No  other  acid-fast  bacilli  found. 

The  first  stri^ams  from  the  milking  were  used,  which  may  account 
for  flic  lower  jiercentage  of  infected  specimens  detected  by  iiini  than 
by  Rabinowitsch,  who  used  the  last  part  of  the  milking.    The  com- 
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|)  iiison  of  results  with  these  different  portions  of  the  milking  may 
iliinw  light  upon  the  source  of  infection  of  the  milk,  whether  from 
Icii's  or  fi'om  the  milk  glands. 

Jni  :,'i'r.    I'eber  die  Mijglichkeit  tiiberkuloser  lufektion  ties  L.vmph-systoms  durch 
Milch  und  Milchproducte.     Hyg.  Rundsch,  1899,  IX,  p.  801. 

l''>xamined  the  milk  supplied  to  a  large  hospital  in  Konigsberg. 
riic  dairy  was  in  good  condition  and  frequently  inspected,  but  the 
cows  were  not  tested  with  tuberculin. 

Six  guinea  pigs  were  injected  with  the  milk  intraperitoneally. 
Two  died  of  sepsis,  2  remained  normal,  and  2  developed  tuberculosis. 

( )iie  hundred  specimens  were  examined  by  the  coverglass  method 
for  the  tubercle  bacillus,  which  was  demonstrated  in  7  specimens. 

Kauthack,  A.  A.,  and  Sladen,  E.  S.  St.  B.     Intiuence  of  the  Milk  Supply  on  the 
Spread  of  Tuberculosis.     Lancet,  1899,  vol.  I,  p.  74. 

Examined  the  milk  supply  of  the  various  colleges  in  Cambridge 
for  the  presence  of  the  tubercle  bacillus.  Milk  from  !(>  dairies  was 
examined,  3  specimens  from  each.  Two  guinea  pigs  were  injected 
subcutaneously  with  each  specimen,  one  from  the  cream  layer  and 
the  other  from  the  sediment,  after  centrifuging  10  cubic  centimeters 
of  the  milk  for  minutes;  guinea  pigs  examined  after  death 
from  disease  or  killed,  the  characteristic  histological  tubercle  being 
deemed  necessary  for  the  diagnosis  of  tuberculosis.  Of  33  animals 
suspected  of  being  tuberculous  10  were  found  by  microscopical  exam- 
ination to  be  free  from  the  disease,  while  of  23  having  typical  histo- 
logical tubercular  lesions,  IG  showed  the  presence  of  the  bacillus. 

Results:  Of  16  daries  examined,  9  furnished  tubercular  milk.  Of 
90  guinea  pigs  inoculated,  23  died  from  tuberculosis  (25.55  per  cent). 
It  is  interesting  to  note  that  13  of  these  were  inociilated  with  the 
cream  layer,  while  only  10  received  the  sediment. 

Macfadyen,  Allan.     Lancet,  1899,  vol.  IL  p.  849. 

In  a  report  of  work  done  at  the  Jenner  Institute  for  the  Hackney 
vestry,  it  appears  that  of  100  specimens  submitted  for  examination  23 
had  to  be  excluded  from  the  results  because  of  the  premature  death 
of  the  test  animals.  Of  the  remaining  77  specimens,  17,  or  22  per 
(•cut,  were  found  to  be  infected  with  virulent  tubercle  bacilli.  The 
milk  was  contrifugcd  30  uiinutes,  the  cream  removed  and  the  milk 
recentrifuged  for  30  iiiiiiiitcs.  The  sediment  was  then  used  for  inocu- 
lating guinea  pigs. 

Ostertag.     Zeit.  f  Flelscli-  und  Milcliliygienc.  IX,  \n.   12,  1S99.  p.  'S2\. 

Examined  the  milk  of  some  50  cows  which  bad  no  clinical  evidence 
of  tuberculosis,  but  had  reacted  to  tuberculin.     Milk  rec'cived  with 
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comiilete  iDrecautions  into  liter  flasks  and  immediately  cooled.  The 
cream  rose  during  transportation  and  was  pipetted  off,  and  to  it  was 
added  enough  of  the  milk  to  make  80  cubic  centimeters.  This  mix- 
ture was  then  centrifuged,  and  a  mixture  of  cream,  skim  milk,  and 
sediment  injected  into  guinea  pigs.  Three  or  four  animals  were 
injected  with  10  cubic  centimeters  of  each  specimen.  Each  specimen 
was  also  examined  microscopically  for  the  presence  of  tubercle  bacilli 
and  the  remainder  was  fed  to  guinea  pigs. 

Tubercle  bacilli  were  not  found  in  any  specimen  of  the  milk  by 
mici-oscoi^ic  examination.  No  pseudo-tubercle  bacilli  were  found. 
Only  1  animal  contracted  tuberculosis  out  of  all  those  injected,  rep- 
resenting 1  specimen  of  49.  The  other  3  animals  receiving  this  same 
milk  remained  healthy  and  proved  normal  on  section.  The  authors, 
for  reasons  which  they  give,  do  not  regard  this  one  case  of  tubercular 
infection  as  being  due  to  the  milk.  They  conclude  that  there  were 
no  tubercle  bacilli  in  any  of  the  49  si^ecimens.  Fourteen  specimens  of 
the  mixed  milk  from  this  herd  were  then  examined.  Only  11  re- 
mained for  consideration.  One  of  the  injected  guinea  jjigs  was  found 
tuberculous  on  being  killed  after  seventy-one  days,  but  the  lesions 
were  slight  and  the  animal  had  lost  only  20  grams.  None  of  the  fed 
animals  became  tuberculous. 

Rabinowitsch.  I-ydia.  aud  Kempner,  Walter.     Zelt.  Hyg.  XXXI,  1899,  p.  137. 

Recalls  the  results  of  earlier  experiments  of  Rabinowitsch,  in 
which  of  25  samples  of  Berlin  milk  examined  (1897),  7  (28  per  cent) 
contained  tubercle  bacilli.  The  milk  was  centrifuged  and  a  mixture 
of  the  cream  and  sediment  layers  injected  into  the  peritoneum  of 
guinea  pigs. 

The  present  article  deals  with  an  examination  of  the  milk  of  cows 
reacting  to  tuberculin.  Of  14  such  cows,  10,  or  71.4  per  cent,  gave 
milk  containing  tubercle  bacilli.  The  condition  of  these  cows  is  here 
detailed :  Only  1  had  pronounced  udder  tuberculosis.  Another  had 
udder  tuberculosis  demonstrable  only  histologically.  Three  cows 
with  advanced  generalized  tubercidosis  gave  histologically  the  picture 
of  chronic  interstitial  inflammation  of  the  udder.  One  cow  had  low 
grade  tuberculosis.  One  had  rales  on  one  examination,  but  none  on 
the  next  two.  Two  cows  had  no  symptom  of  tuberculosis.  Another 
showed  symptoms  of  beginning  tuberculosis  only  on  the  second  and 
third  examinations. 

This  demonstrates  that  in  beginning  tuberculosis  without  discov- 
erable udder  disease,  and  in  latent  tuberculosis  demonstrable  only  by 
Ihc  (nbcrcuHn  reaction,  the  tubercle  bacilli  may  be  present  in  the 
milk.  They  believe  that  repeated  examination  would  have  shown 
tubercle  bacilli  in  the  milk  of  more  of  these  cows. 
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Boyce.     (Results  given  by  Annett.  Lancet,  1900.  p.  1(50.) 

He  examined  the  market  milk  of  Liverpool,  England ;  his  results 
are  given  in  the  following  table : 

Year  1S98  :  Per  rent  tuberculous. 

Town  milk   (75  .specimens) G.  (i 

Country  milk  (28  specimens) IT.  8 

Year  1899 : 

Town  milk   (75  specimens) (5.6 

Country  milk  (63  specimens) 17.4 

The  superiority  of  the  town  milk  is  attributed  to  the  inspections 
conducted  in  town. 
Riibinowitsch,  Lydia.     Deut.  med.  Woeli..  XXVI,  1900,  p.  41(5. 

Repeatedly  examined  the  milk  of  eight  Berlin  dairies.  This  milk 
was  designed  esj^ecially  for  the  use  of  children,  was  not  sterilized,  and 
sold  for  35  to  GO  pfennig  per  liter.  In  three  of  these  dairies  the  cows 
were  rigidh'  tuberculin  tested.  No  tubercle  bacilli  were  ever  found 
in  this  milk.  In  the  other  five  the  cows  wei'e  subjected  to  clinical 
oversight  by  veterinarians,  but  the  tuberculin  test  was  employed  only 
now  and  then  upon  suspicious  animals.  In  three  of  these  five  dairies 
the  milk  was  foimd  to  contain  tubercle  bacilli.  The  percentage  of 
specimens  containing  tubercle  bacilli  is  not  stated. 

Klein.  Zur  Kenntnis  der  Verbreitung  des  Bacillus  tuberculosis  and  pseudo- 
tulsereulosis  in  der  Milch  sowie  der  Biologie  des  Bacillus  tuberculosis. 
Centralbl.  f.  Bakt.,  1900,  1.  Abt,  v.  28,  Orig.,  p.  111. 

Klein  examined  100  samples  of  milk  from  various  country  farms  in 
the  vicinity  of  London.  The  samples  were  placed  in  conical  glasses 
and  allowed  to  sediment.  Smears  were  made  from  the  sediment  and 
examined  microscopically  for  tubercle  bacilli ;  guinea  pigs  were  also 
inoculated  subcutaneoiisly  and  intra peritoneally  with  the  sediment. 

Klein's  residts  were :  Eight  guinea  pigs  died  acutely,  7  showed 
positive  tuberculosis,  while  42  gave  negative  results  at  autopsy.  The 
remainder  showed  staphylococcic  and  Streptococcic  infection. 

Tonzig.     t'eber  den  Antiel,  den  die  Milch  an  der  Verbreitung  der  Tuberkulose 
nimmt.    mit   besonderen    Untersuchungen    ueber   die    Milch   des   Paduancr 
.Marktes.     Arch.  f.  Hyg.,  1900,.  v.  41. 
This    author    examined    the    market   milk    of    Padua.     Forty-six 
samples  were  centrifiigalized  and  the  cream  and  sediment  injected 
intraperitoneally  into  103  guinea  pigs.     Nine  died  within  foi'ty-eight 
hours,  and  none  of  the  remainder  when  they  were  killed  showed  tuber- 
culosis.    Tonzig  is  of  the  opinion  that  the  danger  of  infection  with 
tubercle  bacilli  in  mixed  milk  is  only  slight. 

The  tul)ercle  bacillus  in  milk.     Swithinbank  &  Newman's  Bacteriology  of  Milk, 
190.3,  p.  213. 
During  1901,  310  samples  of  milk  were  taken  at  the  Manchester 
(England)    railway   station    from    the   milk   cans   representing  "272 
1414— Bull.  5(5—09 12 
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farms.  One  hundred  and  seventy-two  of  these  farms  were  in  Chesh- 
ire, and  18  of  them  (10.46  per  cent)  supplied  milk  found  to  con- 
tain the  tubercle  bacillus;  65  were  in  Derbysliire,  and  6  (9.23  j)('r 
cent)  supplied  milk  infected  with  tubercle  bacilli;  25  in  Stafford- 
shire, of  which  2  (8  per  cent)  supplied  tuberculous  milk. 

Thus  the  milk  sent  by  rail  to  Manchester  from  272  farms,  and 
examined  by  Professor  Delepine,  was  tuberculous  from  26  of  the 
farms  (9.5  per  cent).  (See  Report  Health  City  of  Manchester,  1901, 
p.  238.) 

Oollingridge.  Tubercle  Icicilli  in  milk.  (Kilitorial  .VliKtract  iu  Brit.  M.  J., 
1907,  V.  1,  p.  703.) 

In  1904,  milk  samples  representing  22  counties  in  England  were 
taken  at  the  railway  station  and  submitted  to  Doctor  Klein,  with  the 
result  that  out  of  39  samjales  tubercle  bacilli  were  found  in  3;  in 
August,  1905,  a  second  series  representing  22  counties,  and  out  of  22 
samples  2  contained  tubercle  bacilli ;  in  1906,  a  third  series,  repre- 
senting 13  counties,  yielded  2  positive  tuberculous  milks  out  of  25 
samples. 

Proskauer,  Seligmann,  and  Croner.     Zeit.  Hyg.,  Bd.  57,  1907,  p.  173. 

Made  an  examination  of  the  milk  sent  in  from  Denmark,  compar- 
ing it  with  Berlin  milk.  The  examination  was  vei-y  thorough,  in- 
cluding a  search  for  tubercle  bacilli  by  means  of  animal  inoculation. 
Danish  milk:  Thirteen  specimens  examined,  5  found  to  contain 
tubercle  bacilli  (38.5  per  cent).  There  appears  to  have  been  a  verbal 
agreement  with  the  contracting  parties  that  the  milk  furnished  should 
have  been  heated  80°  to  84°  C.  Berlin  milk:  Of  9  samples,  5  con- 
tained tubercle  bacilli  (55.5  per  cent).  However,  in  five  tests  of  milk 
from  dairies  controlled  by  veterinary  inspections  no  specimens  were 
found  to  contain  tubercle  bacilli. 

Hess,  Alfred  H.  The  incldenoe  of  tubercle  bacilli  in  New  York  City  milk, 
with  ii  study  of  its  effects  on  a  series  of  children.  J.  A.  M.  Ass.,  Vol.  LII, 
No.  IH.     (19—.) 

One  hundred  and  twelve  specimens  of  raw  milk  were  examined  by 
inoculation  into  224  guinea  pigs  of  the  cream  and  sediment  obtained 
by  centrifugalization,  but  in  5  instances  the  aniuuils  died  within  two 
weeks,  or  were  lost  in  other  ways,  leaving  only  107  samj)les  to  be  con- 
sidered. 

There  were  17  positive  results  out  of  the  107,  which  means  that  16 
per  cent  contained  tubercle  bacilli. 

THE  NUMBER  OF  TUBERCULAR  COWS  IN  THE  DAIRIES  SUPPLYING 
WASHINGTON,   D.    C. 

A  letter  was  addressed  (o  Dr.  W.  C.  Woodward,  jiealth  officer, 
Washington,  D.  C.,  and  to  the  Agricultural  Department,  requesting 
data  as  to  the  number  of  cows  in  dairies  supplying  milk  to  (he  city  of 
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Washington  that  had  responded  to  the  tuberculin  tei5t.  Dr.  J.  R. 
Mohler  stated  October  4,  1!)07,  that  of  1,147  I'ecently  tested  cows  sup- 
plying milk  to  the  city  of  Washington,  214,  or  18. G  per  cent,  responded 
to  the  tuberculin  test.  He  stated  that  he  did  not  consider  this  a  fair 
estimate  of  the  extent  of  tuberculosis  in  the  dairy  herds  of  this  vicinity 
as  the  tests  were  only  being  applied  to  those  herds  which  had  i'ecently 
been  cleansed  by  private  tests  or  appear  so  healthy  that  their  owners 
have  no  fear  of  having  them  tested. 

I  am  informed  by  the  District  health  department  that  1,059  cows, 
from  .51  herds  in  Virginia,  Maryland,  and  the  District  of  Columbia, 
supplying  milk  to  the  city  of  Washington  were  tested  for  their  reac- 
tion to  tuberculin;  of  this  number  1<>0,  or  15.1  jier  cent  of  the  total 
munber  of  cows  tested,  responded  to  the  tuberculin  test. 

Of  course  the  above  figures  furnished  by  the  Department  of  Agri- 
culture and  the  District  health  department  do  not  give  a  fair  idea  of 
the  prevalence  of  tuberculosis  in  the  herds  supplying  milk  to  Wash- 
ington, as  onl}'^  the  owners  of  those  herds  who  had  rea.son  to  think 
that  their  cows  were  free  from  tuberculosis  permitted  the  test  to  be 
made.  If  the  test  had  been  applied  to  all  the  cows  supplying  milk 
to  the  District,  I  have  no  doubt  that  the  percentage  would  be  very 
much  higher  than  the  above  figures  would  seem  to  indicate. 

KESULTS   OF    TUBERCULIN    TESTS    ELSEWHERE    THAN    IN   HERDS 
SUPPLYING  WASHINGTON. 

The  following  figures  by  Salmon"  show  the  number  and  percent- 
age of  cattle  carcasses  condemned  for  tuberculosis  during  the  years 
1901-1905  in  the  meat-in-sjaection  service  of  the  Bureau  of  Animal 
Industry : 


1901 
1902 
1903 
1904 
1905 


Number  ex- 
amined. 

Per  i-ent 

con- 
demned. 

.5,219,149 

0.10 

5,559,969 

.14 

6, 134, 410 

.14 

6,350,011 

.16 

6,096,697 

.18 

This  does  not  show  the  total  number  of  animals  affected  with  tuber- 
culosis, for  in  many  cases  only  a  part  of  the  carcass  was  condemned 
and  probably  many  had  tiie  disease  so  slightly  that  tiie  entire  carcass 
was  passed  as  fit  for  food. 

The  following  tal)le,  also  taken  from  Salmon's  article,  showing  the 
results  of  the  tuberculin  (est  of  cattle  in  some  States,  is  of  value  as 
showing  (he  wide  di.stribution  of  bovine  tuberculosis.  It  must  be 
remembered  that  most  of  the  iierds  tested  were  suspected  herds, 
which  may  account  for  the  very  high  percentages  found. 

,  "Salmon,  D.  E. :  Bull.  No.  .S8,  Bureau  Animal  Industry,  1906. 
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Results  of  th<:  tuhercuUn  texts  of  cattle  in  various  Stateii. 


Vermont 

Massachusetts 

Massachusetts,  entire  herds  . 

Connecticut 

New  York,  1894 

New  York,  1897-98 

Pennsylvania 

New  Jersey 

Illinois,  1897-98 

Illinois,  1899 

Michigan 

Minnesota 

Iowa 


Wisconsin; 

Experiment  station  tests — 

Suspected  herds 

Nonsuspected  herds 

State  veterinarian's  tests- 
Suspected  herds 

Tests  of  local  veterinarians  under  State  veterinarian  on  cattle 
intended  for  .shipment  to  Sttvtes  requiring  tuberculin  certificate.. 


60,000 
24,685 


1,200 
34,000 
2,500 


Per  cent 
tubercu- 
lous. 


3.9 
60.0 
26.4 
14.2 

6.9 
18.4 
14.1 
21.4 
12.0 
15.3 
13.0 
11.1 


THE   CHAKACTERISTICS   OF   RABINOWITSCH'S   BUTTER   BACILLUS. 

The  results  of  some  of  the  curlier  \vorkers  are  open  to  criticism  in 
view  of  Rabinowitsch's  discovery  of  an  acid-fast  bacillus  in  butter 
morphologically  similar  to  the  tubercle  bacillus.  If  guinea  pigs  are 
inoculated  with  milk  or  butter  containing  the  acid-fast  butter  bacillus 
they  uiay  often  die  and  will  present  lesions  to  the  naked  eye  very 
similar  to  those  produced  by  the  tubercle  bacillus.  For  that  reason  I 
give  the  following  description  of  the  cultural  characteristics  and 
post-mortem  appearances  caused  by  this  organism  taken  from 
Annett's"  article. 

The  characteristics  of  Kabinowitsch's  micro-organism  are  as  fol- 
lows: It  is  immotile,  and  in  form  clo.sely  resembles  the  bacillus  tuber- 
culosis. The  bacilli  generally  occur  singly  and  are  often  slightly 
curved ;  but  when  growing  rapidly  in  tissue  bacilli  are  often  found 
lying  parallel.  Sometimes  they  form  long  unbranched  threads  and 
sometimes  are  divided  into  short  pieces.  The  bacilli  are  somewhat 
thicker  than  the  tubercle  bacillus  and  often  show  a  club-shaped 
swelling  on  one  side.  S])ores  are  not  formed,  but  one  portion  of  the 
bacillus  stains  often  more  intensely  than  the  rest.  The  bacilli  stained 
by  many  methods  of  staining  tubercle  bacilli  can  not  be  distinguished 

"Annett,  H.  E. :  Tubercle  bacilli  in  niilU.  bnttor,  luid  niarsarino.  Heimrt 
Thoiniison  Yates  Laboratory,  189s  it'.i,  pp.  UH-.'!.''). 
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from  the  latter;  only  by  the  employment  of  very  dilute  watery 
solutions  of  methylene  blue  could  any  distinguishing  feature  be  ob- 
served, viz,  that  bacilli  from  a  culture  of  bacillus  tuberculosis  stain 
only  at  one  spot,  the  rest  of  the  bacillus  remaining  unstained ;  while 
in  the  case  of  bacillus  pseudo-tuberculosis  the  whole  bacillus  stains 
faintly  and  generally  uniformly,  seldom  showing  a  more  deeply 
stained  part. 

Cultural  differences,  however,  occur.  On  agar,  the  bacilli  taken 
direct  from  an  infected  animal  produce  visible  colonies  on  the  second 
or  third  day.  At  first  the  agar  surface  is  covered  with  a  thick,  moist, 
creamy  layer;  in  old  cultures  by  a  folded  membrane  often  orange  or 
copper  colored.  After  repeated  passages  through  animals  cultures 
on  agar  or  glycerin-agar  show  a  dry,  brittle,  crumpled  membrane 
resembling  that  of  bacillus  tuberculosis.  In  plate  cultures  the  deep 
colonies  are  gray  in  color,  round  or  oval,  and  uniformly  granular. 
On  the  surface,  colonies  are  better  developed,  have  a  uniform  granu- 
lar gray  center,  and  a  clear,  wavy  outer  zone.  The  surface  of  the 
colony  is  often  dry  and  conical.  On  butter-agar  in  fresh  cultures  the 
colonies  are  small,  white,  and  dry,  later  spreading  over  the  whole  sur- 
face and  becoming  j-ellow  or  copper  colored.  On  potato  a  luxuriantly 
growing,  moist,  gi'ay  layer  is  formed.  In  gelatin,  growth  proceeds 
very  slowly  at  ordinary  room  temperatures,  colonies  becoming  visible 
on  the  third  daj^  In  broth,  and  especially  in  glycerin  broth,  growth 
is  rapid,  forming  in  two  or  three  days  a  folded  membrane  on  the 
surface,  the  broth  remaining  clear,  the  culture  closely  resembling  that 
of  bacillus  tuberculosis.  Broth  cultures  are  distinguishable  from 
those  of  bacillus  tuberculosis  by  their  characteristic  odor,  being  un- 
pleasant and  ammoniacal ;  that  of  bacillus  tuberculosis  being  agi'ee- 
able  and  resembling  the  odor  of  flowers.  A  small  quantity  of  indol 
is  formed  in  broth  cultures,  which  is  not  so  in  bacillus  tuberculosis 
cultures.  Milk  is  not  coagulated,  and  on  the  surface  is  an  abundant 
yellowish-red  layer  which  clings  firmly  to  the  glass.  On  albumin- 
free  colorless  media  a  gi-owth  appears  in  two  or  three  days,  becoming 
in  ten  days  a  thick,  yellow,  folded  membrane;  bacillus  tul)erculosis  in 
tiie  same  time  on  such  media  forming  a  thin  layer  just  covering  the 
surface  and  just  beginning  to  fold.  The  presence  of  fat  in  these  ba- 
cilli can  easily  be  demonstrated,  as  in  the  case  of  bacillus  tuberculosis. 

PATHOGENIC  PROPERTIES   OF   BACILLUS   PSEUBO-TUBERCULOSIS. 

The  following  are  the  post-mortem  appearances  observed  in  a 
ginn<>a  pig  killed  three  or  four  weeks  after  iiitra])eritoneal  injection 
of  butter  containing  the  bacillus  pseudo-tubercidosis:  There  is  a 
sliglilly  distended  abdomen;  also  peritonitis,  with  adhesions  varying 
in  nature  from  delicate  fibrinous  bands  to  firm  connective  tissue. 
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The  peritoneum  and  mesenteiy  are  studded  with  nodules.  Tlie 
mesenteric  glands  are  swollen  and  may  contain  purulent  or  caseous 
matter.  The  liver  is  covered  with  nodules  and  patches  which  may 
be  raised  above  the  liver  substance  or  may  penetrate  into  the  liver 
parenchyma.  The  spleen  is  sometimes  only  enlarged;  at  other  times 
thickly  studded  with  nodules.  The  kidneys  show  yellowish  patches. 
The  lungs  are  covered  with  small  transparent  nodules  which  do  not 
penetrate  into  the  lung  tissue.  The  sternal  lymphatic  glands  are 
swollen,  but  show  no  caseation.  Numerous  bacilli  can  be  demon- 
strated in  these  lesions.  Many  animals  after  injection  show  con- 
siderable signs  of  illness  during  the  first  fourteen  days,  with  diminu- 
tion in  weight,  and  then  recover.  Pure  cultures  of  this  bacillus 
are  only  pathogenic  for  guinea  pigs  (but  not  always)  ;  rabbits 
and  white  mice  are  immune.  After  intraperitoneal  inoodation  of 
guinea  pigs  some  die  in  from  four  to  eight  weeks,  with  considerable 
emaciation,  and  show  the  following  post-mortem  appearances:  At 
the  seat  of  inoculation  there  is  a  purulent  infiltration  containing 
the  characteristic  bacilli;  also  peritonitis,  varying  in  intensity  from 
a  fiocculent  fibrinous  exudation  to  strong  connective  tissue  adhesions. 
The  mesentery  is  studded  with  small  nodules;  the  glands  are  en- 
larged, but  not  caseous;  there  are  patches  on  the  liver,  and  miliary 
nodules  throughout  an  enlarged  spleen.  The  thoracic  cavity  and  or- 
gans are  often  almost  exempt  from  lesions.  Infected  animals  do  not 
react  to  tuberculin.  Histologically  the  nodules  in  the  liver  and 
spleen  consist  of  a  collection  of  lymphoid  elements  with  but  very 
few  epithelioid  and  multinuclear  cells.  The  bacilli  are  found  in  the 
middle  of  a  young  nodule,  toward  the  peripherj'  if  caseation  has 
commenced.  The  typical  giant  cells  of  tuberculosis  do  not  occur. 
More  often — especially  after  inoculation  with  butter  containing 
the  pseudo-tuberculosis  bacilli — the  nodules  appear  to  consist  of  a 
central  necrosed  portion  surrounded  by  a  leucocytic  infiltrated  area. 

COLLECTION  OF  SAMPLES  AND  TECHNIC. 

The  samples  of  milk  were  all  collected  and  brought  to  the  Hygienic 
Laboratory  by  an  inspector  of  the  health  department  of  the  District 
of  Columbia.  Usually  a  pint  bottle,  though  sometimes  a  quart,  with 
tiie  pajjer  cap  untampered  with  was  obtained  cither  from  the  diary 
or  delivery  wagon.  The  bottle  was  at  once  j)laced  on  ice  by  the  col- 
lector and  usually  readied  the  laboratory  in  about  one  hour  after 
collection.  A  few  samples  were  obtained  from  some  of  the  hospitals 
and  charitable  institutions  of  the  District.  The  milk  and  cream  were 
well  mixed  by  vigorously  shaking  tiie  bottle.  The  sample  for  plat- 
ing was  lak'cn  out  with  a  sterile  pipette,  and  tlien  50  cubic  centimeters 
<.>f  llic  mixed  milk  was  put  into  a  large  sterile  centrifuge  llask.     To 
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(lie  50  cubic  centimeters  of  milk  was  added  100  cubic  centimeters  of 
-ii'iile  water.  The  flask  was  then  put  into  the  centrifuge  machine  and 
( '  litrifuged  for  one  hour  at  about  2,000  revolutions  per  minute.  The 
milk  was  dihited  with  twice  its  volume  of  water  with  the  idea  that 
It  would  decrease  the  specific  gravity  of  the  millc  and  so  permit  of 
I  he  easier  sedimentation  of  the  tubercle  bacilli.  Usually  only  one 
luiiinal  was  inoculated  from  each  sample,  though  in  some  cases  two 
iiiiimals  were  used.  Guinea  pigs,  largely  those  raised  in  the  labora- 
Iciiy,  of  as  uniform  weight  as  obtainable,  were  inoculated  with  5  cubic 
I .  utimeter-s  of  the  sediment  of  this  centrifugalized  mixture  of  milk 
and  water.  The  inoculation  was  made  subcutaneously  in  the  belly 
wall.  For  each  guinea  pig  a  different  syringe  was  used.  All  of  the 
uiiinea  pigs,  usually  8,  that  being  the  usual  number  of  daily  samples, 
iiiDculated  on  the  same  day  were  kept  in  the  same  cage,  those  that 
icmained  healthy  being  controls  on  their  envii'onment,  etc.  The 
guinea  pigs  were  examined  for  enlarged  glands  after  about  four  weeks, 
and  those  with  enlarged  glands  were  separated  from  the  others  so 
as  to  avoid  the  danger  of  infecting  others  if  the  glands  broke  down. 

Many  of  the  animals  inoculated  died  from  acute  infection  with  the 
millions  of  other  bacteria  in  the  milk.  Autopsies  were  made  on  all 
the  animals  that  died,  but  no  attempt  was  made  to  determine  the 
causal  organisms  other  than  the  tubercle  bacillus. 

Those  guinea  pigs  which  did  not  die  in  at  least  two  months  were 
chloroformed,  after  having  been  tested  with  tuberculin,  and  careful 
autopsies  were  made  on  each  animal.  Smears,  cultures,  and  sections 
were  made  from  the  various  organs  of  the  animals  that  showed  any 
change  from  the  normal.  The  smears  were  stained  with  cai'bol- 
fuchsin  and  examined  for  acid-fast  bacilli.  Cultures  were  made  on 
glycerinized  potato  and  glycerin-agar.  In  no  instance  did  any  of  the 
cultures  show  a  quick-growing  acid-fast  organism  resembling  in  any 
way  Raljinowitch's  butter  bacillus.  The  sections  were  stained  with 
carbol-fuchsin  for  tubercle  bacilli,  and  also  with  ha;malum  and  eosine 
for  histological  appearances.  The  above  details  were  carried  out  with 
few  exceptions  in  all  of  the  animals  that  gave  a  positive  result. 

It  occurred  to  me  that  those  animals  which  had  tuberculosis  might 
be  differentiated  from  those  with  other  infections  by  giving  all  of 
the  guinea  pigs  alive  at  the  end  of  two  months  a  sufficient  dose  of 
tuberculin  to  cause  the  death  of  the  tuberculous  animals  in  less  than 
twenty-four  hours.  Several  preliminary  tests  on  known  tubercular 
animals  showed  that  2  cubic  centimeters  of  crude  tuberculin  given 
subcutaneously  would  alnu)st  invariably  cause  the  death  of  such  a 
guinea  pig  in  from  six  to  eighteen  hours.  As  high  as  7  cubic  centi- 
meters of  the  same  tuberculin  given  to  a  healthy  pig  caused  only  a 
temporary  discomfort,  2>assing  off  in  a  few  hours.     A  rather  hasty 
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search  of  the  literature  failed  to  show  that  this  idea  of  giving  an 
amount  of  tuberculin  sufficient  to  cause  the  death  of  a  tubercular 
animal  as  a  means  of  differentiating  true  tuberculosis  from  infection 
with  other  acid-fast  organisms  had  ever  been  used  by  previous  work- 
ers. The  febrile  reaction  in  a  sick  guinea  pig  on  account  of  the  great 
variation  in  the  temperature  of  the  animal  from  handling,  etc.,  is  too 
variable  a  factor,  and  a  more  definite  reaction,  such  as  the  death  of 
the  animal,  is  necessary.  The  technic  was  as  follows:  All  of  the 
aninuils,  in  lots  of  about  30,  were  given  early  in  the  morning  2  cubic 
centimeters  of  the  tuberculin  subcutaneously ;  they  were  closely 
watched  and  as  soon  as  an  animal  appeared  sick  it  was  jjlaced  aside; 
as  soon  after  death  as  possible  the  animal  was  autopsied;  smears, 
cultures,  and  sections  were  made.  Of  all  the  guinea  pigs,  about  250, 
that  received  the  tuberculin,  no  animal  that  did  not  have  tuberculosis 
died.  Two  or  three  that  had  slight  lesions  did  not  die,  but  became 
sick.  It  was  noted  that  all  of  the  animals  died  whose  lesions  had 
caseated.  The  reaction,  I  think,  was  of  distinct  service  in  eliminat- 
ing infections  with  other  acid-fast  organisms.  The  suggestion  is 
made  that  with  some  modification  the  procedure  may  have  a  distinct 
place  as  an  aid  in  differentiating  true  tuberculosis  from  infections 
with  other  acid-fast  organisms  which  produce  tubercular-like  lesions. 

Samples  of  milk  were  examined  from  104  difl'erent  dairies;  10 
samples  from  7  hospitals  and  asylums  are  also  included  in  this  num- 
ber, they  being  charged  also  to  the  dairy  supplying  the  milk. 

The  following  tables  show  the  laboratory  number  of  the  dairy, 
where  collected,  date  of  collection,  whether  the  guinea  pig  inoculated 
died  or  was  killed,  interval  between  inoculation  and  death,  and  results 
of  the  autopsy. 

It  is  interesting  to  note  that  where  2  guinea  pigs  were  inoculated 
with  the  same  sample  of  milk,  in  two  instances  both  animals  showed 
tuberculosis  and  in  two  instances  only  one  was  positive : 

TABLE  No.  1. 


i 

Date  of 
inocu- 
lation. 

Source. 

Dairy. 

Ke.iiUt. 

Days 
.since 

ocu- 
lated. 

Autopsy. 

Tubercle 
bacilli. 

1 

Pres- 
ent. 

Ab- 
sent. 

44 

July  22 
Aug.    5 
Aug.  19 
....do... 

Wagon 

No.l... 
....do.. . 

Died... 
....do.. 

Killed  . 

Died... 

KlUod  . 
....do.  . 

20 
2 
72 
4 
101 
80 

27 
(i3 

No  evidence  of  tubercle. 

13? 

■?M 

do 

....do... 

Ml 

do 

....do... 

14 

July  15 
July  30 

..  .do 

No.  2... 
....do... 

ino 

Providence  Hos- 
pital. 
.  ...do 

do 

ini 

do 

Died... 
Killed  . 

329 

Aug.  30 

do 

....do... 

Negative 
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TABLE  No.  1— Continued. 


Siu 

1 

Date  of 

Source. 

Dairy. 

Result. 

Days 
since 

ocu- 
lated. 

Autopsy. 

Tubercle 
bacilli. 

^0. 

1 

lation. 

Pres- 
ent. 

Ab- 
sent. 

3.10 

Aug.  30 

Providence  Hos- 

No. 2... 

Killed. 

63 

Negative 

pital. 

»il 

Aug.  26 
....do... 

No.  3... 

....do.. 

61 

do 

•»■?. 

do 

....do... 

....do.. 
....do.. 

Died... 

Killed  . 

61 
88 
5 
95 

do 

114 

Aug.    1 
Aug.  27 
....do... 

do 

No.  4.  .. 
....do... 

do 

i»9 

do 

ano 

do 

....do... 

?. 

July  12 
Aug.    7 
....do... 

No.  5... 
....do... 

Died... 

2 
8 

1,W 

1S6 

do 

....do... 

Killed  . 

82 

fii 

July  24 
July  29 

do 

No.  6.. . 

....do. . 

93 

do 

Sfi 

....do... 

90 

do 

Stlfi 

Aug.  22 
Aug.    6 
Julv    lli 

do 

....do... 

....do.  . 
....do.. 
....do.. 

70 
84 

100 
87 

104 
21 
57 

do 

1« 

do 

No.  7... 
No.  8... 

do 

17 

do 

do     .            .      . 

m 

do 

....do... 

....do.. 
....do.. 
Died... 
....do.  . 

do 

7 

July   12 
July  22 
Aug.  14 

No.  9... 
....do... 

....do 

48 

No  evidence  of  tubercle. 
....  do 

10.') 

....do... 

196 

....do... 

do 

....do... 

Killed  . 

77 

Negative 

m 



Aug.  28 
Aug.    8 
Aug.  20 
July  23 

do 

do... 

...do.. 

65 
81 
57 
94 

..    do 

IW 

do 

No.  10... 
.    do     . 

Died... 
....do.. 
Killed. 

do 

Ml 

."il 

No.  11  . 

64 

July  24 

do... 

...do... 

94 

do     

fi8 

July  25 

Wagon 

....do... 

..  do... 

92 

do     

78 

July  26 

Children's  Hos- 
pital. 

...do... 

Died... 

3 

K 

...do... 

do 

..  .do... 

KiUed.. 
Died . . . 

92 

119 

Aug.    1 

Columbia    Hos- 
pital. 

....do... 

lai 

Aug.    2 

do 

....do... 

Killed  , 

77 

1.11 

....do... 

72 

226 

Aug.  19 

do 

....do... 

Killed.. 

27 

July   17 
Aug.    7 
July  30 

No.  12... 

Died... 
Killed.. 

19 
83 

1.51 

97 

No.  14... 

...do... 

88 

do 

in,') 

July  31 
Aug.    7 
July  29 

do  .. 

89 

do 

146 

do 

....do... 

Died 

m 

Dairy 

No.  16... 

Killed.. 

89 

Inguinal  and  retroperi- 
toneal glands  caseous; 

mediastinal     glands 

enlarged;    spleen  en- 

larged  and    studded 

with  tubercles;    liver 

and    lung    numerous 

tubercular  Joci;    sec- 

tions show  histolog- 

ical tubercles  and  tu- 

bercle bacilli. 

41 

July   19 

No.  17... 

...do... 

98 

Negative 

186 


TABLE  No.  1— Continued. 


bObfl 

1 

Date  ol 
lation. 

Source. 

Dairy.- 

Result. 

Days 
since 
in- 
ocu- 
lated. 

.\utopsy. 

Tubercle 
bacilli. 

1 

Pres- 
ent. 

Ab- 
sent. 

fa 

July  23 

No.  18... 

Killed  . 

93 

144 

do... 

do  .. 

83 

do 

m 

Aug.  20 

Wagon 

do... 

do  .. 

Inguinal  and  retroper- 
itoneal    glands     en- 

larged  and  caseous; 

spleen  and  liver  en- 

larged  and   studded 

with  tubercles;  lungs 

contain      tubercular 

foci;    sections    show 

histological  tubercles 

and  tubercle  bacilU. 

w. 

July  16 

No.  19... 

Died... 

66 

76 

July  25 

....do... 

Killed.. 

92 

191  1 

Aug.  13 
Aug.  30 

do 

....do... 

Died... 
Killed.. 

3 
63 

323  ! 

do 

....do... 

25  1 

July  17 
July  25 
July  29 

No.  20 

do 

100 
93 
33 

do 

•70  1 

do 

do 

do 

L- 

88    

Dairy 

....do... 

Died... 

179    

Aug.  12 

do 

Killed. 

GS 

274   

Aug.  23 

do 

.do 

69 

do 

20    

July  16 
Aug.    2 

No.  21... 
do 

....do., 
do 

100 
97 

do 

125  1 

do 

247' 

Aug.  21 

do 

do 

Died 

li 
65 

do 

297  1 

Aug.  27 

Wagon 

do 

Killed 

do 

298 
321 

....do... 

do 

do 

do. 

65 
40 
98 

do 

Aug.  30 
July   19 

do 

do 

Died... 
KiUed. 

No  evidence  of  tubercle. 
Negative 

39    

do 

No.  22  . 

102  i 

July  30 
Aug.  13 

do 

do     . 

do. 

88 
20 

do 

188    

do 

....do... 

Died... 

108    

July  31 

do 

No.  23 . . 

KiUed.. 

21    

July  16 

No.  24.. 
....do... 

....do.. 
....do.. 

100 

do. 

124  1 

do 

166    

....do... 

....do.. 

do 

248 

Aug.  21 
Aug.  30 

do 

....do... 

Died... 
....do.. 

2 

41 

32.'i 

....do... 

3?(i 

....do. 

do.. 

do 

do 

2 

107 

July  31 

No.  25 

KiUed. 

?fi? 

Aug.  22 

do 

...  do. 

70 

do 

279 

Aug.  20 

do 

....do... 

do 

66 
80 

do 

1fi9 

No.  26 . . 

....do.. 

.     .do. 

in 

July   15 
July  23 

do 

No.  27.. 
....do... 

Died . . . 
Killed  . 

5 

94 

W 

do 

53 

....do... 

do 

do 

....do... 

....do.. 

93 

83 

do     

14fi 

Aug.    7 

....do... 

....do.. 

do 

263 



Aug.  22 

do 

....do... 

....do.. 

83 

do 

28  , 

July   17 

No.  28.. 

Died... 

4 

do 

73 

July  26 

....do... 

KiUed.. 

93 

do 

74 
1S3 

....do... 

....do... 

Died.;. 
KlUed.. 

35 
83 

No  evidence  of  tubercle. 

Aug.    7 

....do... 

319 

Aug.  29 

do 

....do... 

...do... 

63 

do 
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TABLE  No.  1— Continued. 


1 

ecu 

i 

1 

Date  of 
lation. 

Source. 

Dairy. 

Result. 

Days 
since 
in- 
ocu- 
ated. 

Autopsy. 

Tubercle 
bacilli. 

Pres- 
ent. 

Ab- 
sent. 

Aug.  29 
July  19 

No.  28.. 

Killed.. 

63 

....do.. 

98 

....do 

....do... 

...do.. 

89 

....do 

...do... 

...do.. 

70 

do 

i  July  18 

No  30 

do 

99 

do 

do... 

..do.. 

70 

....do 

July  30 
July  15 
July  24 
Aug.  12 
July  17 
July  25 

No.  31.. 
No.  32.. 

....do.. 
....do.. 

82 
101 

do 

do 

.  .do  .. 

Died... 

83 

do... 

3 

71 

....do... 

KiUed.. 

93 

+ 

retroperitoneal 

glands  caseous ; 

spleen  enlarged,  stud- 

ded   with    tubercles: 

liver  and  lung  con- 

tained  many  tuber- 

cles;   sections    show 

histological  tubercles 

1 

and  tutjercle  bacilli. 

72 

....do... 

....do.. 

93 
24 
4 

Aug.    9 

Aug.  19 

do 

....do... 

Died... 
do 

No  evidence  of  tubercle. 

do 

do 

do       .     ..  . 

....do... 

....do.. 

2 
88 

Aug.    1 

No.  34. 

Killed 

Dair- 

do 

do 

76 

.do 

■•ill    Aug.  29 

do 

do 

03 

do 

do 

No.  35. 

do 

87 

do                         

Aug.  20 

Aug.  22 

70 
70 

do 

2110 

do 

No.  36.. 

....do.. 

do 

Aug.  16 

Aug.     1 

Aug     6 

Aug.  19 

Aug.  27 

i  July   15 

1  July  29 

1  Aug.  19 

do 

Dairv 

do 

do         

Wagon 

do  . 

S« 

..do      

do 

do 

do 

84 
14 

..do 

do 

do 

Died 

Killed 

do 

No.  39.. 

....do.. 

101 

do  

r>'i 

do 

do 

Died... 

11 

do 

do 

do 

....do.. 
....do.. 

61 

84 

do     

138 

Aug.    C 

do 

No.  40.. 

do 

I  Aug.  29 

i !  July    18 

1 1  July  24 

i  .InK.  M 

..do 

do   . 

..do 

93 

...do 

do 

do 

Aug.  12 
Aug.  20 

li 

1 

Killed 

.      do     . 

.do 

71 

do 

Aug.  16 

July    17 

No  & 

do 

do                   

24 

No.  43. 

....do.. 

100 

do 

188 
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a 

t 

Date  of 
inocu- 
lation. 

Source. 

Dairy. 

Result. 

Days 

in- 
ocu- 
lated. 

Autopsy. 

Tubercle 
bacilli. 

UIU, 

1 

Pres- 
ent. 

Ab- 
sent. 

128 

No.  4,  .. 

Killed. 

84 

29.'i 

Aug.  27 
July  17 
Aug.  12 
Aug.  21 
....do... 

....do... 

....do.. 

65 
100 

70 
71 
69 

do 

23 

do 

No.  44.. 
...do... 

....do.. 

Died... 

KiUed  . 

do 

do 

177 

do 

do 

244 

do 

Georgetown 
Hospital. 

....do... 
....do. 

do 

f.V, 

.do. 

?,v, 

....do. .. 

do 

....do... 

....do.. 

69 
62 
104 
11 
li 

do 

322 

Aug.  30 
July  12 
July  26 
Aug.  12 
...do.  .. 

....do... 

.    do 

.do 

6 

No.  45.. 
....do... 

....do.. 

Died... 

do 

.  .do 

83    

.do 

172    

....do.  . 

do 

173    

do 

do 

Killed 

Inguinalglandscaseous; 
axillary  and  medias- 

tinal glands  enlarged; 

spleen  enlarged   and 

studded  ^\•it^l  tuber- 

cles; lew  foci  inliver; 

sections  show  histo- 

logical tubercles  and 

tubercle  bacilli. 

265  ! 

Aug.  23 
..     do 

do 

....do... 

Died... 

4 

?5fi 

do 

do 

Inguinal,  axillary  and 
retroperitoneal 

-1- 

glands  enlarged  and 

caseous;    spleen  and 

liver    enlarged     and 

studded  with  tuber- 

cles;   lungs  contain 

many   tubercle  loci; 

sections  show  histo- 

logical tubercles  and 

tubercle  bacilli. 

?fi7 

...do. 

do 

do 

Inguinal,     retroperito- 
neal and  mediastinal 

-1- 

glands  enlarged  and 

caseous;      liver    and 

spleen  enlarged   and 

studded  with  tuber- 

cles;    sections    show 

histological  tubercles 

and  tubercle  bacilli. 

1,W 

Aug.    9 

Wagon 

No.  40    . 

do 

82 

Inguinal    glands      en- 
larged; spleen  greatly 

+ 

enlarged ,  contains  nu- 

merous tubercles;  lew 

tuberclesinliver;  sec- 

tions show  histolog- 

ical tubercles. 

208 

Aug.  23    do 

No.  47 . . 
....do... 

....do.. 
Died... 
KUled. 

69 
17 
65 

7S 

July  25 
Aug.  27 

291 

Wagon 

Negative 

189 


TABLE  No.  1— Continued. 


1 

^ 

Date  of 
inocu- 
lation. 

Source. 

Dairy. 

Result. 

Days 

in. 
ocu. 
lated. 

Autopsy. 

Tubercle 
bacilli. 

i 

Pres- 
ent. 

Ab- 
sent. 

w 

Aug.  27 
Aug.    2 

No.  47  . . 

Killed  . 

65 

120 

do.. 

No.  48 . . 

....do.. 

87 

do 

1 

4 



July   12 
Aug.  16 
Aug.  28 
July  16 
Auff.  20 

No.  49... 
....do... 

....do... 
....do... 

104 
75 

do 

999 

.  ...do 

307 

..    do.... 

....do... 

64 

..  ..do     

.    .do 

No.  50... 

....do... 

96 

do     

?3H 

do 

....do.... 

....do... 

71 

do 

IfiS 

1  Aug.    9 

do 

No.  51... 

....do... 

81 

do 

X?4 

'  Aug.  30 

do 

....do.... 

....do... 

62 

do 

77 

'  July  25 

do 

No.  52... 

Died... 

3 

180 

1  Anir.  12 

.      do  .   . 

.      do... 

.    do... 

3 

181 

Aug.  12 
July  22 
July  23 

July  29 
Aug.    7 
Aug.  12 

do. 

do.  . 

Killed.. 

71 

Negative 

4:1 

No.  S3. . 

Died... 
Killed.. 

22 
93 

fi5 

do.  . 

8<t 

do.  . 

do... 

90 

....do 

1S9 

.    do.  . 

do... 

83 

..  do.. 

189 

Garfield  Hospi- 
tal. 

No.  54. 

do... 

83 

.do.                .  . 

1S3 

do 

do 

do  .. 

...do... 
...do... 
Died... 

83 
78 
4 

do 

iq9 

Aug.  13 
July  22 

do 

....do.... 
N0.55.- 

do 

4n 

HI 

Aug.    7 
....do.... 

do 

do 

83 

l.W 

do 

....do... 

KiUed.. 

370 

Aug.  23 

do 

....do... 

...do... 

69 

do 

1 

371 

do... 

do 

....do... 

...do... 

69 

Anterior     mediastinal 
glands  enlarged  and 

+ 

caseous;  liver  studded 

with  numerous  tuber- 

cles ;  tubercle  bacilli 

found  in  smears. 

SO 

?73 

An?.  3.? 

do 

do   . 

69 

...do 

IfiS 

Wagon 

No.  57 

do. 

81 

...do     

54 

July  23 

do 

No.  58 . . 

....do.. 

94 

do 

3,11 

Aug.  21 

'  July  24 

do.    .. 

do. . 

.do. 

71 
93 

do 

do 

la 

No.  59 . . 

....do.. 

308 

;  Aug.  15 

Iiilv   29 

.do. 

76 

do 

90 

.do. 

89 

do 

393 

Aug.  27 
....do... 

do 

....do... 

.do.. 

65 
65 

77 

do 

do 

394 

do ;. 

....do... 

.do.. 

197 

Aug.  14 

do 

No.  62  . . 

...do.. 

Spleen    enlarged    and 

+ 

studded  with  tuber. 

cles;     liver   contains 

tubercular  foci;  spleen 

J 

sections  show  histo- 

logical tubercles  and 

tubercle  bacilli. 

liil    1   Alls.     9 

do 

No.  63 

do 

81 

I1.7 
24:! 

....do  . 

...   .do 

No.  64.. 
.      do 

....do., 
do 

81 
71 
li 
63 

do             

Aug.  20 
July  30 
Aug.  29 

do.      . 

do             

99  ! 

do. 

No.  65 

Died 

31.-i 

do 

....do... 

Killed.. 

Negative 
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TABLE  No.  1— Continued. 


Date  of 
inocu- 
lation. 

Source. 

Dairy.' 

Result. 

Days 
since 
in- 
ocu- 
lated. 

-\utop8y. 

Tubercle 
bacilli. 

1            1 

Pres- 
ent. 

Ab- 
sent. 

314 

Aug.  29 
Aug.    6 
Aug.  28 
Aug.  23 
July  18 
July  29 
do 

Wagon   

Died... 

16 

139  I 

No.  66 . . 

Killed.. 

84 

306 

.   ...do 

....do... 

....do.. 

64 

do 

272 

No.  67 . . 

....do.. 

66 

do 

36 

No.  68 

Died.  . 

3 

<)1 

....do... 

Killed.. 

89 

q9 

do 

do 

do.. 

89 
66 

.  ..do                

■'S'i 

Aug.  26 
do 

do 

do 

.do.. 

.  ..do  

'Sfi 

do 

do. 

.do.. 

66 
81 

do 

Aug.    9 
Aug.  28 
Aug.  29 
Aug.  30 
July  15 
Aug.    8 
Aug.  22 
Aug.  14 
Aug.    6 
Aug.  16 
July  16 
July  23 
.do.  . 

.do   . 

....do 

'ifW 

do  . 

do. 

..  .do.. 

64 

....do 

317 

do. 

do. 

Died... 

do. 

Killed  . 

63 

No.  70... 

....do.. 

101 

do 

IWt 

. .    do  . .  - 

....do.. 

82 

do 

?S7 

.do 

.    do  . . . 

Died... 

!<)<) 

Killed 

76 

137 

Wagon 

No  72 

do 

84 

do   . 

'IS 

do 

do 

do 

75 

..do.. 

16 

do 

No  73 

Died 

3 

.do 

S'i 

do 

do 

do 

do 

S5 

do 

....do... 

Killed  . 

95 

Inguinal  and  retrojwri- 
toneal  glands  caseous; 

+ 

spleen  enlarged,  stud- 

ded   with    tubercles; 

liver  and   lung  con- 

tained  many   tuber- 

cles;   sections     show 

histological  tubercles 

and  tubercle  bacilli. 

161 

Aug.    8 
do 

....do... 

...do.. 

82 

Negative 

16'' 

do 

...do... 

.  .do.. 

Si 
71 

do 

Aug.  20 

Aug.  27 

do.   . 

.     .do... 

.do.. 

do 

■>«! 

....do.. 

Died .  - . 

15 
U4 

....do 

?<in 

.  ..do 

....do... 

...do  . 

nal   glands   enlarged 

and     caseous;    liver 

studded     with      tu- 

bercles; sections  liver 

and  glands  show  his- 

tological tubercle  and 

tubercle  bacilli;  other 

organs  lost. 

No.  74.. 

Killed  . 

....do... 

Died... 

U 

26 

84 



Aug.  19 

do 

....do... 

....do.. 

Wuirnn 

No.  75 

Killed 

do 

do 

72 

do 

do 

No.  78 . . 

....do.. 
....do.. 
....do.. 
Died... 

89 
75 
101 

..   ..do 

Aug.  16 
July   16 
Aug.  16 

do 

No.  77  . . 
....do... 

do 

218 

Wagon 

191 


TABLE  No.  1— Continued. 


1 

Date  o£ 

inocu- 
lation. 

Source. 

Dairy. 

Result. 

Days 
since 

ocu- 
lated. 

-A-utopsy. 

Tubercle 
bacUU. 

1 

Prcs 

ent. 

Ab- 
sent. 

WW 

Aug.  14 

No.  78  . . 

Killed  . 

77 

3.1 

July  18 
July  25 

No.  79.. 
No.  80  . . 

Died... 
Killed  . 

84 
93 

No  evidence  of  tubercle. 

69 

Wagon 

17fi 



Aug.  12 
July  12 
July  26 
Aug.  12 
Aug.  15 

do 

....do... 

....do.. 

78 
104 
92 

78 
76 

do 

5 

No.  81 . . 
....do... 

....do.. 
....do.. 

do 

S? 

do 

17.=i 

....do... 

....do.. 

do 

itl? 

Sibley  Hospital. 

....do... 

....do.. 

do 

213 

....do... 

do 

...do... 

....do.. 

76 
19 

do 

?M 

Aug.  23 
Aug.  29 

-...do... 

Died... 

Sl'^ 

...do... 

KiUed  . 

63 

Negative 

4R 

July  22 

No.  82  . . 
--..do... 

Died... 
KiUed  . 

19 
84 

ni 

Negative 

1S4 

Aug.  13 
-...do  ... 

....do... 

....do.. 

79 
20 
71 

do 

18S 

do 

....do... 

Died... 
KiUed  . 

241 

Aug.  20 

do 

. . .  .do  . . . 

?.4? 

....do... 

do 

....do... 

....do. 

71 
64 
IJ 

31(1 

Aug.  28 

do 

do 

....do... 

....do.. 

do 

31 S 

....do... 

Died 

3?7 

do 

...do 

KiUed 

63 

% 

do 

do 

34 

July   18 
July  31 

No.  84 . . 
.    do 

Died... 
..  .do 

4 
81 

103 

Orphan  asylum. 

Inguinal,     retroperito- 
neal, and  mediastinal 

glands  caseous;  spleen 

enlarged,    studded 

with  tubercles;   Uver 

and     lungs     contain 

numerous  tubercle 

foci;    sections    show 

histological  tubercles 

and  tubercle  bacilli. 

UI4 

....do... 

do 

..    do 

KiUed 

Inguinal  and  retroperi- 
toneal glands  enlarg- 

ed and  caseous;  spleen 

and     liver    enlarged 

and  studded  with  tu- 

bercles; sections  show 

histological  tubercles 

and  tubercle  baciUi. 

130 

Aug.    5 
Aug.    7 
Aug.  13 

...  do  . 

.      do. 

83 

.  ..do 

147 

do 

...  do. 

...  do. 

83 

ISO 

Dairy 

....do... 

Died... 

2 

....do... 

do 

..    do 

Killed 

•>7S 

Aug.  20 

do 

...  do . 

do 

66 

Inguinal  and  mediasti- 
nal glands    enlarged 

and  caseous;    spleen 

and     liver    enlarged 

and  studded  with  tu- 

bercles; many  Inbor- 

clo  baciUl  In  emears. 

192 

TABLE  No.  1— Continued. 


Date  of 
inocu- 
lation. 


Aug.  26 
Aug.  14 
Aug.  28 
Aug.    6 


Aug.  15 
Aug.  28 
July  31 
Aug.  26 
Aug.  19 
Aug.  27 


.do. 


Aug.  22 
July  19 
July  30 
Aug.  15 
July  17 
Aug.  5 
....do... 
Aug.  21 
...do... 
July  26 
Aug.  6 
Aug.  23 
Aug.  14 
July  12 
July  19 
July  22 
July  23 
Aug.  5 
Aug.  8 
Aug.  14 
Aug.  16 
July  12 
Aug.  8 
Aug.  15 
July  16 
Aug.  2 
July  18 
July  24 
Aug.  13 
Aug.  26 


Wagon 


..do. 
..do. 


Wagon. 


Dairy. 


Wagon. 


Dairy.. 
do. 


Dairy. 


Wagon. 


Wagon. 
Dairy.. 


...do.. 

No.  87 . 


KiUed. 
...do. 


No. 88.. do.. 


No.  89 . 
No.  90. 
No.  91 . 


No.  94 . 
No.  95.. 


Died... 
KiUed.. 
...do.. 
Died... 
KiUed.. 
Died... 
KiUed.. 
Died... 
mued.. 
...do.. 
...do.. 


Died.. 
KiUed. 


Died.. 
Killed. 
Died.. 


Negatii 
do. 


Inguinal  glands  en- 
larged and  caseous; 
retroperitoneal  and 
mediastinal  glands 
enlarged;  spleen  and 
Uver  enlarged  and 
studded  with  numer- 
ous tubercles;  tuber- 
cle in  liver:  sections 
show  histological  tu- 
bercles. 

Negative 


Negatii 


Negative . 
Negative. 


Negative. 


Negative 
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TABLE  No.  1— Continued. 


Date  of 
inocu- 
lation. 

Source. 

Dairy. 

Result. 

Days 
since 
in- 
ocu- 
lated. 

Autopsy. 

Tubercle 
bacilli. 

1 

.1 
1 

Pres- 
ent. 

Ab- 
sent. 

5!7R 

Aug.  26 
Aug.    2 

No.  98.. 

KiUed.. 

126 

do 

No.  99... 

....do... 

87 

do 

190 

Aug.  13 
Aug.  21 

do 

do 

....do.... 
....do.... 

Died... 
....do... 

4 
2 

249 

?.m 

....do.... 

do 

....do.... 

....do... 
....do... 
KiUed.. 

5 
18 
83 

47 

July  22 
Aug.    7 
Aug.  16 

No.  100.. 
....do.... 

148 

219  ' 

do 

....do.... 

....do... 

75 

do 

220    

....do.... 
Aug.    1 
July  17 

do 

Wagon 

....do.... 

....do... 
....do... 

75 

do 

112    

do 

?fi 

No.  102.. 
....do... 

....do.. 
....do.. 

100 

0, 

do 

m 

Wagon 

Dairy 

do 

do 

, 

117 

Aug.    1 
Aug.  13 
....do.   . 

....do... 

9 

193 

....do... 

....do.. 

25 
75 

No  evidence  ot  tubercle  . 

194    

....do... 

Killed.. 

m 

.Illlv   2.-i 

No.  103.. 

....do.. 

94 

Inguinal  and  retroperi- 
toneal glands  caseous; 

spleen  enlarged   and 

studded  with  tuber- 

cles; liver  showed  nu- 

merous      tubercular 

foci;    sections    show 

histological  tubercles 

and  tubercle  bacilli. 

?m 

Aug.  14 
Aug.  28 

....do... 

....do.. 

77 

.w 

do 

....do... 

....do.. 

64 

do 

m. 

Aug.  29 

do 

..-.do... 

Died... 

9 

July   15 

No.  104.. 

....do.. 

IJ 
3 

.17 

July  19 

....do... 

....do.. 

0=19 

Aug.  21 

....do... 

Killed.. 

71 

?S^ 

.  do 

do 

do 

do 

do 

71 
67 

do 

287 

Aug.  26 

...do... 

....do.. 

do 

?8S 

....do... 

.do. 

do 

Died... 

19 

. 

The  following  table  gives  a  -summary  of  the  above  protocols.  It 
shows  the  laboratory  number  of  the  dairy,  number  of  samples  from 
each  dairy,  number  of  samples  lost  by  the  animal  dying  in  less  than 
three  weeks  of  other  infections,  number  samples  remaining  for  observa- 
tion, and  total  number  of  samples  for  each  dairy  jjositivc  for 
tuberculosis. 

The  same  details  are  shown  in  Table  .'!  fur  the  milk  collectetl  from 
the  charitable  institutions. 
1414— Bull.  .^>i;— 00 13 
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TABLE  NO.  2. 

Dairy. 

Number 
of  samples. 

Number 
samples 
lost  by 
acute  death 
of  guinea 
pig- 

Number 

samples 

remaining. 

Number 
samples 
po.sitive 
for  tuber- 
culosis. 

3 
3 

1 
2 
2 
3 
1 
2 
4 
2 
g 
1 
1 
1 
2 
1 
1 
3 
4 

5 
3 
1 
5 
3 
1 
4 
4 
3 
2 
1 
3 
4 
3 
2 
1 
1 
4 
4 
2 

1 
3 
5 
4 
2 
2 
1 
3 
2 
2 

4 
2 

2 
0 
0 
0 
1 
0 
0 
0 

1 

0 
2 

I 
0 
0 

1 

0 
0 
0 

1 

0 

1 
1 

0 

1 

0 
0 

1 
1 

0 
0 
0 

1 

2 
0 
0 
0 
0 

1 

1 

0 

1 

0 
0 
0 

1 

0 

1 

0 
0 
0 
0 

1 
1 

0 

1 
3 
1 
2 
1 
3 
1 
2 
3 

6 
0 
1 
1 
1 
1 
1 
3 
3 
5 
4 
2 
1 
4 
3 

a 

3 
3 
3 
2 

1 

0 

0 

3 

0 

0 

5                      .                              ..... 

0 

6         .    ..    .                       

0 

0 

0 

0 

10 

0 

11 

0 

12 

0 

13 

0 

0 

15 

0 

16 

1 

17     ...     . 

0 

18 

1 

19 

0 

20 

0 

21 

0 

22 

0 

23 

0 

24 

0 

0 

26 

0 

27 

0 

28 

0 

29 

30..'. 

0 

31 

0 

32 

33 

2  '                   ' 

34 

3 
2 
1 
1 
3 
3 
2 
4 
1 
3 
5 
3 
2 
1 
1 
3 
2 
2 
1 
3 
2 

0 

35 ' 

36 

0 

37 

38 

0 

39 

0 

40 

0 

41 

42 

0 

43 

0 

44 '. 

0 

45 

46 ; : 

1 

47 

0 

48 

0 

49 

0 

50 

0 

51 

0 

52 

0 

53 

c 

54 

c 
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TABLE  NO.  2— Continued. 


Dairy. 


Total.... 
I'f^rcent. 


Number 
ot  sample.s. 


Number 
samples 
lost  by 
acute  death 
of  guinea 
pig- 

1 


Number 

samples 

remaining. 


Number 
samples 
positive 
for  tuber- 
culosis. 


Providence 

Children's 

Georgetown 

Garfield 

Sibley 

Orphan  Asylum. 
Columbia 


Total 

Percent. 
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TABLE  NO.  3. 


Number 
ol  samples 


Number 
samples 
lost  hy 
acuto 
death  of 
guinea  pig. 


t  Both  pigs  from  sample  positive. 


Number 

samples 

remaining. 


positive 
for  tuber- 
culosis. 


It  will  be  seen  from  the  above  that  of  272  samples  of  milk  49,  or  18 
per  cent  of  the  samples,  were  lost  by  the  animals  dying  in  less  than 
three  weeks  and  before  sufficient  time  had  elapsed  for  them  to  develop 
tuberculosis.  Attention  is  invited  to  the  fact  that  the  milk  from  some 
of  the  dairies  killed  acutely  a  high  percentage  of  all  of  the  animals  to 
which  it  was  given. 

Of  the  272  samples  223,  or  82  per  cent,  i-emained  for  study. 

Of  the  223  that  remained  15,  or  6.72  per  cent,  contained  sufficient 
tubercle  bacilli  to  cause  typical  tuberculosis  in  the  inoculated  animals. 

Of  the  samples  of  milk  from  104  dairies,  2  were  lost  by  acute  death 
of  the  animals,  leaving  102 ;  the  milk  from  11  of  these  102  dairies  con- 
tained tubercle  bacilli.  This  gives  a  percentage  of  10.7  of  the  dairies 
examined  showing  tubercle  bacilli  in  the  milk  supplied  to  their 
customers. 

Ten  samples  of  milk  were  ()V)tained  from  7  charitable  institutions 
of  the  Distri(;t;  of  these  10  samples,  1  was  lost  by  the  acute  death  of 
the  animal,  leaving  !)  samples  from  (>  institutions  for  study.  The 
sample  from  1  institution  caused  tuberculosis  in  both  guinea  pigs  in 
which  it  was  inoculated. 

These  results  .showing  that  apj^roximately  11  per  cent  of  the  dairies 
whoso  milk  was  examined  contained  tubercle  bacilli  virulent  for 
guinea  pigs  do  not,  however,  give  a  fair  idea  of  the  frequency  of  the 
presence  of  tubercle  bacilli  in  the  market  milk  of  the  city  of  AVash- 
ington.  Attention  has  already  been  called  to  the  fact  that  when  two 
animals  were  inoculated  with  the  same  sample  both  did  not  always 
develop  tuberculosis;  this  would  indicate  that  the  bacilli  are  so  few 
in  the  amount  inoculated  that  one  of  the  animals  by  being  a  little 
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tiKii-p  resistant  was  able  to  overcoiuc  the  infection.  The  amount  in- 
<M  iiluted,  less  than  '2  cubic  centimeters  of  milk,  is  a  very  small  portion 
lit'  .1  pint  bottle.  The  creamy  layer  was  not  inoculateil  and  other 
\\ Hikers  have  shown  that  tubercle  bacilli  are  more  frequent  in  this 
iIkmi  in  the  bottom  milk;  it  is  verj-  probable  that  if  more  animals  had 
Ih  111  inoculated  with  the  same  sample  and  both  cream  and  sediment 
11-1(1  the  percentaofe  of  positive  results  would  have  been  very  much 
liiiiher.  The  results,  however,  as  they  were  found  are  sufficiently 
liiiih  to  emphasize  the  great  necessity  for  the  enactment  and  rigorous 
'iiforcement  of  a  law  requiring  that  all  cows  supplying  milk  to  the 
1  )istrict  be  tuberculin  tested  and  free  of  tuberculosis.  This  test,  which 
i^  now  universally  recognized  as  a  means  of  determining  whether  an 
niiimal  has  tuberculosis,  should  be  made  by  a  competent  veterinarian 
and  those  animals  that  respond  should  be  disposed  of  in  some  way  so 
that  their  milk  may  no  longer  be  a  source  of  danger  to  the  comnuuiity. 
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5.  THE  RELATION  OF  GOAT'S  MILK  TO  THE  SPREAD  OF 
MALTA  FEVER. 
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THE  RELATION  OF  GOAT'S  MILK  TO  THE  SPREAD  OF 
MALTA  FEVER. 


By   John   F.  Anijkrson. 

itiatinit  l^iirflcon  and  AsKistunt  Director  Hygienic  Tjiihoratunj.  I'lihlic 
Ilealili  and  Muriiic-Hospital  Service. 


Kecently  it  has  been  shown  that  Maha  fever  is  conveyed  by  means 
of  th?  milk  of  goats  infected  with  the  specific  organism  of  tlie  dis- 
ease. While  the  disease  may  undoubtedly  be  spread  by  other  means, 
the  use  of  infected  goat's  milk  in  Malta  is  by  far  the  most  important 
factor. 

Malta  fever  is  a  specific  febrile  infection  caused  bj'  the  Micrococcus 
mclitnitris  discovered  by  Bruce  in  1887.  The  fever  is  of  an  irregular, 
recurring  or  undulating  type:  in  a  typical  case  it  lasts  for  several 
weeks,  followed  by  a  period  of  a  few  days  or  weeks  of  a  relative 
a  pyrexia,  which  is  again  followed  by  other  febrile  j)eriods. 

Clinically,  Malta  fever  is  usually  characterized  by  profuse  perspi- 
ration, constipation,  frequent  relapses,  often  accompanied  by  pains  of 
a  I'heumatic  or  neuralgic  character,  sometimes  swelling  of  joints  or 
orchitis.  The  disease  is  characterized  by  low  mortality  and  indefinite 
dui'ation. 

Malta  fever  smolders  endemically  on  the  island  of  Malta,  at 
(Til)i'altar.  and  other  j^laces  on  the  Mediterranean  basin.  At  times 
the  number  of  cases  at  one  place  constitutes  an  epidemic.  Bruce 
believes  that  on.e  attack  confers  a  definite  innnunity  against  subse- 
quent attacks.  Strangers  particularly,  visiting  in  the  endemic  focus, 
are  liable  lo  infection.  On  account  of  the  almost  invariable  tend- 
eucy  to  undulations  of  pyrexial  intensity  Malta  fever  is  often  called 
'■  undulating  fever,"  a  name  proposed  by  Hughes.  The  disease  is 
also  known  as  Gibraltar  fever,  Mediterranean  fever,  rock  fever,  etc., 
<l('l)ending  upon  (he  locality. 

'I'lic  following  is  a  list  of  places  from  which  Malta  I'lnci-  has  been 
nqtorlrd  : 
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Spain — Gibraltar;  Islands  of  the  Mediterranean — Balearic  Islands, 
Corsica,  Sardinia,  Sicily,  Malta,  Gozo,  Cyprus,  Crete;  Italy — Rome, 
Naples,  Caserta,  Benevento,  Cajnpobosso,  Aricca,  Terano,  Ferino, 
Padua,  Cittanova,  etc.;  Greece — Athens,  Cephalonia;  Turkey — Con- 
stantinople, Smyrna;  Palestine — Jerusalem;  Africa — Tunis,  Algiers, 
Alexandria,  Suakin,  Massowah,  Zanzibar,  Kimberley  (?),  Aden; 
India — Calcutta,  Mian-Mir,  Nowshera,  Secunderabad,  Simla,  Delhi, 
Lucknow,  Agra,  Allahabad,  Choabattia,  Subatha,  Assam,  Swat  Val- 
ley; China — Hongkong;  Philippine  Islands;  Fiji  Islands;  North 
America — Mississipjai  Valley  ( ?) ;  West  Indies  ( ?) — Cuba  ( ?),  Porto 
Eico  ( ? ) ;  South  America — Venezuela,  Brazil,  Montevideo. 

Malta  fever  is  a  general  infection  not  unlike  other  specific  bacte- 
i-emias,  such  as  typhoid  fever.  The  Micrococcus  meliteiisis  is  fountl 
esjoecially  in  the  spleen  and  also  in  the  blood.  The  inoculation  of 
pure  cultures  of  this  organism  into  monkeys  produces  a  prolonged 
febrile  disease  similar  to  Malta  fever.  There  have  been  several  in- 
stances of  the  inoculation  of  pure  cultures  into  man,  both  intention- 
ally and  accidentally,  which  were  followed  by  the  characteristic 
synij^toms  of  the  fever  after  an  incubation  period  of  from  five  to 
fifteen  days.  Little  doubt,  therefore,  remains  that  the  organism  is 
the  true  cause  of  the  disease. 

From  the  standpoint  of  prophylaxis  it  is  of  the  first  importance 
to  determine  the  channel  of  infection  by  which  the  micrococcus  enters 
the  l)ody.  In  the  cases  before  mentioned  in  which  the  disease  was 
produced  by  inoculating  pure  cultures  of  the  Micrococcus  melitensis 
into  man,  in  one  instance  the  culture  was  accidentally  introduced  into 
the  conjunctival  sac;  in  the  others,  b}'  subcutaneous  inoculation.  One 
case  which  arose  in  England  is  su]?posed  to  have  been  conveyed  from 
son  to  father  by  using  a  clinical  thermometer  in  the  mouth  inune- 
diately  after  its  use  by  the  patient.  From  experimental  evidence, 
therefoi'e,  it  would  appear  (hat  the  infection  of  Malta  fever  may  be 
taken  in  through  wounds,  (lie  unicous  membranes,  or  by  food  and 
drink  introduced  into  the  mouth.  There  is  no  evidence  that  the 
disease  is  directly  contagious  from  the  sick  to  the  well. 

Malta  fever  occurs  especially  in  the  officers  and  men  of  the  British 
army  and  navy  stationed  at  Malta  and  Gibraltar.  All  authorities 
recognize  the  infiueuce  of  unfavorable  hygienic  conditions  as  an  etio- 
logical factor  of  the  greatest  importance  in  proj)hylaxis.  Sex  has 
no  |)i-edis])osing  influence  and  every  age  is  prone  to  attacks,  but  it 
occui's  mostly  between  the  ages  of  (i  and  30  years. 

In  Malta  the  greatest  incidence  of  the  disease  is  in  the  hot,  dry 
niondi  of  July.  Chilling  of  the  surface,  bodily  and  mental  depres- 
sion, etc..  are  ({uoled  as  incidental  causes. 

Tlu'  morbid  ])rocess  is  that  of  a  general  infection  and  is  seen  espe- 
cially in  the  condition  of  the  spleen,  which   is  enlarged,  soft,  eveai 
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diffluent.  The  blood  gives  the  usual  picture  of  secondary  anemia. 
The  lymphoid  elements  are  but  slightly  involved;  the  liA-er  is  con- 
gested and  the  seat  of  cloudy  swelling,  and  (he  kidnej'S  are  sometimes 
swollen  and  show  glomerular  nephritis. 

The  period  of  incubation  appears  to  he  from  a  few  days  to  thirty 
daj's,  usually  about  fifteen. 

On  account  of  the  large  ninnber  of  cases  of  Malta  fever  in  the 
militar}^  and  naval  population  of  the  island  of  Malta  a  commission 
WHS  appointed  by  the  admiralt_y,  the  war  office,  and  the  civil  govern- 
iiKiit  of  Malta  in  1004  for  the  purpose  of  studying  this  disease  with 
a  view  especially  of  determining  the  source  of  infection.  This  com- 
mission has  issued  six  reports.  These  reports  include  a  minute  study 
"f  tlie  general  sanitary  conditions  of  the  island  of  Malta,  the  prev- 
ak'nce  of  the  disease  there,  the  various  exj^eriments  uj^on  the  viability 
of  the  organism  under  many  conditions,  and  experimental  work  upon 
susceptible  animals.  The  following  data  in  regard  to  the  relation  of 
goat's  milk  to  the  sj^read  of  Malta  fever  are  largely  drawn  from  these 
rfeports  and,  in  many  instances,  are  taken  verbatim  from  the  reports. 

ITntil  the  researches  of  the  commission  the  means  of  infection  were 
not  definitely  known.  Various  theories  had  been  suggested,  such  as 
the  agency  of  biting  insects,  the  ingestion  of  infected  food  and  drink, 
the  breathing  of  infected  dust,  and  contacts. 

Epidemiological  studies  having  shown  that,  while  the  consumption 
of  infected  milk  may  and  probably  does  account  for  Malta  fever 
among  the  Maltese,  yet  many  cases  occur  among  the  military  and 
naval  population  in  Malta  which  can  not  be  attributed  to  this  cause. 
According^  a  study  of  mosquitoes  as  possible  carriers  of  the 
3f.  melitenms  was  begun. 

The  M.  nieliteiiHh  was  recovered  four  times  from  a  total  of  89G 
mosquitoes  dissected.  Deducting  from  these  896  mosquitoes  those 
collected  where  there  was  no  case  of  Malta  fever  or  where  the  cases 
were  mostly  chronic  we  would  iiave  4  infected  mosquitoes  out  of  450 
collected  in  presumably  infected  places.  This  result  was  not  unex- 
pected considering  the  small  numbers  of  the  specific  organisms  found 
in  the  i)eripheral  I)lood  of  Malta  fever  patients.  The  mosquitoes 
could  not  Ix'  infected  in  great  numbers  or  the  disease  would  be  nuicli 
more  prevalent  than  it  is  at  present. 

Captain  Kennedy"  was  able  experimentally  to  infect  a  monkey  as 
the  result  of  bites  of  mosquitoes  {Cidex  pipiens)  which  had  fed  on 
jjatients  suffering  from  Malta  fever.  An  attempt  to  infect  a  monkey 
by  bites  from  artificially  infected  mosquitoes,  however,  failed. 

"  HoiK)i'ls  of  Hie  coinuiissidii  *  *  *  [oy  tii(.  inviisUKaUon  of  .MwlKonMiii'iui 
fever     *     •     *.     Part  4,  1900,  p.  187. 
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In  tlie  oxiunination  of  103  cases  of  Malta  fever  for  the  spe^iiir 
organism  the  inininiuin  quantity  of  blood  from  which  a  positi\i' 
result  was  obtained  was  gj^  cubic  centimeters.  This  fact  has  an 
important  bearing  on  the  question  of  the  possibility  of  the  trans 
mission  of  infection  by  biting  insects  such  as  mosquitoes.  This  is  a 
larger  amount  of  blood  than  any  biting  insect  to  be  found  in  Malta 
can  contain." 

The  water  supply  of  Malta  is  drawn  from  two  sources,  the  one  for 
general  use  being  derived  from  three  springs  which  are  pumped  to  ;i 
central  reservoir  and  thence  distributed,  the  second  being  rain  Avater. 
most  of  the  houses  being  provided  with  cisterns  for  the  collection  ol 
rain  water  Avhich  is  largely  used  for  drinking  purposes. 

The  milk  supply  of  Malta  is  derived  almost  entirely  from  goat>. 
though  there  is  a  small  number  of  cows  on  the  island  and  condensed 
milk  is  used  to  some  extent.  The  number  of  milk  goats  in  Malta  i^ 
probably  at  least  20,000. 

As  showing  the  prevalence  of  the  disease  in  Malta  the  following 
figures  are  of  interest:  From  1894  to  190.3  there  was  an  average  of 
32  cases  per  10,000  inhabitants  per  year  in  the  civil  population;  for 
the  same  j^eriod  in  the  militaiy  population  the  yearly  average  was 
25.6  per  10,000;  from  1901  to  1903,  for  which  years  only  figures  are 
obtainable,  the  yearly  average  was  28.55  per  10,000  among  the  naval 
pojjulation. 

In  regard  to  infection  other  than  through  goat's  milk,  INIajor  Hor- 
rocks ''  concludes  that  so  far  as  the  experiments  go  it  appears  that 
infection  can  not  be  conveyed  from  infected  to  healthy  monkeys  by 
skin  contact  alone,  all  other  sources  of  infection  being  excluded.  In- 
fection can  not  be  conveyed  from  infected  to  healthy  monkeys  by 
ecto-parasites  alone.  When  healthy  monkeys  living  in  intimate  con- 
tact with  diseased  monkeys,  under  mosquito-proof  conditions,  become 
infected,  the  infection  is  due  to  the  absorption  of  th(^  M.  inclitcnKlt^ 
ex(a-eted  in  the  urine  of  the  diseased  monkeys. 

There  is  no  evidence  that  Mediterranean  fever  can  be  contracted 
by  contact  with  cutaneous  surfaces  uncontaminatcd  by  urin(\'' 

Infection  can  be  acquired  by  the  absorption  of  urine  secreted  by 
cases  of  Mediterranean  fever,  and  this  is  ])i-obably  one  way  in  Avhich 
workers  in  hospitals  l)ecome  infected. 

There  is  evidence  to  show  that  monkeys  can  be  infected  by  dry  dusi 
artificially  contaminated  with  cultures  of  .)/.  inditeiisis  isolated  from 

"  Keiiorts  of  the  coniniission  *  *  *  for  tlio  iiivcslisation  of  iMo(lil<'rr;iii(';iii 
fever     *     •     *.     Part  3,  lUOn,  \^.  11. 

**  Reports  of  the  coinuiissloii  *  *  *  for  llir  iint'sti,!,Mlioii  of  Mi'dilcnaiic.-in 
fever     *     *     *.     I'Mrt  4,  1!)0(!,  ii.  :{«. 

'•' UeiwrtK  of  the  comiiiission  *  *  *  foi-  (lie  iiivcslijjalion  of  .Mi'ilili'i-raiicini 
fever     *     *     *.     I'urt  -i,  lUUU,  i>.  81. 
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the  spleen  of  cases  of  Mediterranean  fever.  The  path  of  absorption 
may  be  through  the  nares,  throat,  respiratory  passages,  and  alimentary 
canal.  Dry  dust  contaminated  with  the  ui'ine  of  cases  of  Mediter- 
ranean fever  has  given  rise  to  infection  in  goats,  but  not  in  mon- 
keys. The  experience  gained  during  the  work  performed  in  Malta 
during  190-1—5  has  convinced  Horrocks  that  men  are  more  susceptible 
than  monkej's  and  goats.  Shaw's  work  on  ambulatory  cases  of  JNIed- 
iterranean  fever  among  the  Maltese  has  also  shown  that  opporttmities 
for  the  creation  of  infected  dust  are  j^lentiful  in  Malta.  Infected 
dry  dust  as  a  cause  of  Mediterranean  fever  can  not  therefore  be  dis- 
carded. When  infection  is  acquired  in  this  manner  the  incubation 
period  is  probably  at  least  a  month. 

Mediterranean  fever  can  be  acquired  by  the  absorption  of  infected 
goat's  milk  fi'om  the  alimentary  canal.  The  incubation  period  in 
this  case  is  also  probably  long,  and  may  even  extend  to  two  months. 

This  mode  of  infection  probably  plays  a  great  part  in  the  causa- 
tion of  Mediterranean  fever  among  the  Maltese,  who  drink  raw  milk 
drawn  at  the  doors  of  their  houses. 

Horrocks"  found  that  the  M.  inelitenuls  could  be  recovered  from 
khaki  cotton,  khaki  serge,  and  blankets  up  to  the  eightietii  day. 
Shaw  recovered  it  from  blue  serge  up  to  the  seventy-eighth  day. 

The  above  results  obtained  by  Horrocks  upon  the  longevity  of  the 
organism  upon  khaki,  cotton,  etc.,  are  important  as  showing  the  pos- 
sible relation  of  fomites  to  the  transmission  of  the  disease. 

The  presence  of  ambulatory  cases  of  Malta  fever  nuist  be  taken 
into  account  in  the  spread  and  continuance  of  the  disease  in  Malta. 
These  ambulatory  cases  constantly  jiass  the  specific  organism  in  their 
urine  and  are  undoubtedly  as  much  a  source  of  danger  to  tho.se  with 
whom  they  come  in  contact  as  are  the  bacillus  carriers  in  typhoid 
fever. 

The  usual  source  of  milk  in  Malta  is  the  goat.^  These  animals 
are  driven  aljout  the  streets  and  milked  at  the  cusl(mier's  door  into  his 
own  containci-.  The  udders,  which  ai-e  abnormally  large,  often  touch 
the  gi'ound  and  are  very  liable  to  be  soiletl.  There  are  so  many  herds 
lliat  it  is  often  difficult  for  a  householder  to  tell  the  source  of  Ins  milk 
supply.  No  regulations  are  in  force  for  the  etl'ectual  control  of  these 
\  ciidoi-s. 

It  was  first  shown  by  Zammit ''  that  goats  could  be  infected  by  feed- 
ing them  with  the  J/.  ineUtennin.     Zanunit  informed  the  chairman  of 


"  Reports  of  the  commission  *  *  *  for  tlie  investigation  of  Meilitorranejin 
fever     *     *     *.     Part  4,  liiOd,  p.  17i>. 

*  Reports  of  the  fonnnission  *  *  *  for  tlic  iiivcstJKMlion  of  Mcililci-i-.-nic.-iii 
fever     «     •     *.     Part  2,  lOO.'i,  p.  11. 

''  Reports  of  the  commission  *  •  *  for  the  investigation  of  Jletliterranoan 
lever     *     *     ♦.     Part  3,  1005,  p.  2. 
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the  board  that  he  considered  goats  to  be  susceptible  to  MaUa  fever  and 
that  the  disease  is  spread  to  human  beings  by  goats. 

On  June  23,  1905,  Maj.  W.  H.Horrocks  wrote  the  chairman  of  the 
commission  that  he  had  discovered  the  M.  melitenMs  in  the  milk  of 
an  apparently  healthy  goat  and  that  he  had  already  found  it  in  the 
milk  of  five  goats  taken  from  two  different  herds,  and  that  Doctor 
Zammit  had  found  it  in  the  blood  of  one  of  these  goats. 

Pi-eliminary  notes  by  Major  Horrocks,  Captain  Kennedy,  and  Doc- 
tor Zammit  on  the  propagation  of  Malta  fever  by  goats  show  that  one 
or  more  healthy  goats  in  every  herd  are  excreting  the  M.  melitensk 
in  their  milk  and  urine,  and  that  about  50  per  cent  of  the  goats  react 
to  Malta  fever  when  examined  by  serum  agglutination  tests.  The 
commission  states  that  it  may  lie  objected  that  no  exact  proof  exists 
that  the  drinking  of  milk  containing  the  M.  melitensis  will  give  rise 
to  the  disease  in  man.  However,  when  we  take  into  consideration  the 
results  of  feeding  and  inoculation  experiments  on  monkeys  it  may  bo 
assumed  that  the  disease  is  propagated  in  this  way. 

This  is  the  first  statement  in  the  literature  bearing  upon  the  propa- 
gation of  Malta  fever  by  the  milk  of  infected  goats. 

With  the  object  of  ascertaining  by  experimental  inoculation 
whether  goats  could  be  infected  by  M.  melitensis  6  goats  from  2  dif- 
ferent herds  were  brought  and  placed  in  the  lazaretto.  Doctor  Zam- 
mit "  before  inoculation  of  these  goats  took  blood  from  each  and 
tested  their  serum  for  agglutination.  He  found  to  his  surprise  that 
the  serum  of  5  of  these  goats  considerably  diluted  caused  agglutina- 
tion of  the  iM.  melitensis.  The  reactions  thus  obtained  suggested  that 
possibly  5  of  the  goats  were  suffering  from  Malta  fever  acquired  un- 
der natural  conditions.  The  goats  were  said  to  be  healthy,  but  were 
sold  cheaply  as  they  had  given  very  little  milk  for  some  time.  Ex- 
amination of  these  goats  in  detail  resulted  as  follows: 

CJoat  No.  0:  M.  melitensis  appears  to  be  steadily  excreted  in  the 
apparently  normal  milk  of  this  goat. 

Goat  No.  1 :  M.  meliterms  excreted  in  large  nionber  in  tlie  milk  and 
also  in  the  urine  of  this  goat. 

Goat  No.  2 :  M.  melitensis  excreted  in  small  quantities  in  the  nor- 
mal appearing  milk  of  this  goat;  not  detected  in  tlie  urine. 

Goat  No.  3:  M.  melitensis  present  in  large  numbers  in  the  normal 
looking  milk  of  this  goat,  but  not  in  the  urine. 

(Joat  No.  5:  M.  melitensis  was  found  in  the  milk  and  urine. 

Captain  Kennedy,  R.  A.  M.  C.,  visited  the  various  herds'and  look 
l)iood  from  the  ears  of  the  goats.     Out  of  161  goats  examined  84 

"  Itcporls  of  tlio  comniission  *  .  *  *  for  tlio  invostiKalion  of  Medilorra- 
iiwiii  fever     »     *     *.     rart   1.  VMT^,  \\.  8-1  et  siq. 
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^ave  a  positive  agglutination  test,  equal  to  a  percentage  of  52  prob- 
ably infected  with  Mediterranean  fever. 

The  results  obtained  show  that  some  of  the  goats  in  everj^  herd 
examined  were  sutFering  from  Mediterranean  fever.  The  M.  meliten- 
(<i,s  is  present  in  the  milk  in  enormous  numbers  when  the  disease  has 
been  present  sufficiently  long  to  cause  a  change  in  the  physical  char- 
acters of  the  fluid.  It  is  also  excreted  in  considerable  numbers,  even 
when  the  animals  are  in  "  full  milk  "  and  no  changes  have  occun-ed 
in  either  the  physical  or  chemical  characters  of  the  milk. 

The  M.  melitensis  is  also  excreted  in  the  urine  of  goats  suffering 
from  Mediterranean  fever,  but  up  to  the  present  it  has  only  been 
found  when  the  disease  has  existed  for  some  time  and  after  physical 
changes  have  occurred  in  the  milk. 

Shaw  examined  the  blood  of  33  cows,  10  of  which  gave  a  jDositive 
i-eaction  to  the  M.  melitensis;  from  the  milk  of  2  of  these  cows  the 
M.  melitensis  was  isolated. 

The  manner  in  which  animals  become  infected  with  the  virus  of 
Mediterranean  fever  is  a  matter  of  considerable  interest  and  im- 
portance. T"p  to  the  present  all  the  evidence  available  points  to 
their  food  as  being  the  main  vehicle  of  infection.  The  feeding  ex- 
periments show  conclusively  that  monkeys  and  goats  may  thus  be 
infected.  Besides  the  very  obvious  way  of  infection  of  the  young 
through  their  mothers'  milk,  the  successful  result  of  various  feeding 
experiments  with  food  soiled,  directly  and  indii'ectly,  with  the  urine 
of  2  ambulatory  cases  of  Mediterranean  fever,  and  in  whose  urine 
living  M.  melitensis  was  being  excreted,  indicated  another  way  in 
which  these  animals  may  be  infected  while  feeding.  Goats  may  be 
seen  any  day  in  the  streets  of  the  chief  city  of  the  island  of  Malta 
feeding  on  filth  and  rubbish  of  every  possible  variety,  some  of  it 
■.  isibly  saturated  with  urine,  animal  and  human.  Among  the  lower 
class  Maltese,  as  above  stated,  workmen  have  been  found  who  void 
living  M.  m-elitensis  in  their  urine,  as  do  a  certain  number  of  in- 
fected goats.  Thus  the  path  of  this  manner  of  infection  becomes 
clear.  Having  satisfied  their  hunger  in  this  manner,  the  goats  lie 
down  in  the  streets  to  digest  their  meal  with  their  teats  and  udders 
often  in  contact  with  the  ordure  of  tlie  gutters  and  roads,  till  they 
:iic  kicked  up  by  the  goatherd  to  be  milked  into  the  vessel  brought 
i<i  tlie  doors  of  the  adjacent  houses  by  their  occupants.  It  is  hence 
not  to  be  wondered  at  that  these  animals  frequently  suffer  also  from 
suppurative  mastitis  and  give  milk  containing  pus.  In  the  health 
reports  of  the  Malta  government  may  be  seen  reports  of  outbreaks 
of  illness  among  children  directly  traced  to  this  cause  by  the  med- 
ic;il  oflicers. 
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With  regard  to  cows  the  evidence  is  not  so  clear.  Kept  shut  up 
in  "  shippens,"  and  seldom  allowed  outside,  they  have  their  food 
brought  to  them,  but  as  this  food  is  composed  of  vegetable  and 
other  refuse  collected  from  every  possible  source  and  situation,  it  is 
easy  to  understand  that  they  can  hardly  escape  from  receiving 
infected  food  from  time  to  time. 

It  was  interesting  to  note  whether  those  goats  whose  blood  gave 
a  positive  agglutination  reaction  would  have  some  symjjtoms  of 
illness,  but  this  was  not  apparent  except  in  a  few  cases.  The  quan- 
tity and  quality  of  the  milk  seemed  in  most  cases  to  be  unaffected. 
In  fact,  it  was  often  noted  that  the  best  milk-producers  in  the  herd 
gave  a  j^ositive  reaction. 

Horrocks  and  Kennedy "  thouglit  that  as  a  result  of  their  observa- 
tions, judged  by  the  serum  reaction,  41  per  cent  of  the  goats  in  Malta 
are  infected.  Ten  per  cent  of  the  goats  supplying  milk  to  various 
parts  of  Malta  apjaear  to  excrete  the  M.  ineUtensis  in  the  milk. 

The  excretion  of  the  specific  microbe  may  continue  steadily  for  three 
nmnths  without  any  change  occurring  in  the  physical  character  or 
chemical  comi5osition  of  the  milk  and  without  the  animal  exhibiting 
any  signs  of  ill  health.  Some  infected  goats  may  lose  flesh  and  their 
coats  become  thin ;  they  may  also  suffer  from  a  short  hacking  cough. 
A  febrile  condition,  however,  has  not  been  observed.  Goats  may 
liavc  a  marked  blood  reaction  and  yet  never  excrete  the  JI.  meli- 
ffiisis  in  the  milk.  If  the  blood  serum  or  milk  does  not  agglutinate 
the  M .  /)ic7/t('n,sl.'^,  the  specific  niicrobe  is  not  found  in  the  milk. 

The  excretion  of  the  31.  melitengis  in  the  milk  may  be  intermittent, 
appearing  for  a  few  days  and  then  disappearing  for  a  week  or  more. 
A  blood  reaction  may  exist  for  some  weeks  before  the  M.  melitensis  is 
excreted  in  the  milk. 

Monkeys  and  goats  can  be  infected  by  feeding  with  cultures  of 
.)/.  /tu'/ifciis/s  isolated  from  milk,  and  also  by  feeding  with  infected 
milk  itself.  The  incubation  period  in  feeding  experiments  ajDpears  to 
vary  between  tliree  and  four  weeks.  Monkeys  infected  by  feeding 
sometimes  suffer  from  a  typical  wave  of  fever  and  lose  flesh,  at  other 
times  they  show  no  obvious  signs  of  ill  health,  and  may  even  gain  in 
weiglit. 

Wiien  monkeys  become  infected  by  feeding  with  milk  the  lymphatic 
glands  always  contain  far  more  colonies  of  the  J/.  mcMtenms  than  the 
spleen.  This  fact  suggests  that  the  specific  micrococci  contained  in 
tlie  food  aiv  carried  to  llie  lym|)hatic  glands  and  there  undergo  con- 
sidei'abie  multiplication.  It  has  not  yet  been  proved  that  the  mesen- 
teric glands  are  always  inrectci!  at  an  earlier  date  than  the  femoral 

"  IteiHirts  (if  the  <-uiiniiissi(>ii  *  *  *  for  Hie  iuvcsli.Uiition  of  .McdilcrrMiiciUi 
fever     •     *     *     r;irl    I.  IDiit;,  p.  (;s,  d  srci. 
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juul  axillary  ghuuls,  but  feeding  with  milk  shows  that  this  may  Ix^  the 
ca-r  at  times. 

It  has  been  demonstrated  that  goats  may  become  infected  by  feed- 
iiii;  on  dust  polluted  with  urine  from  cases  of  Mediterranean  fever. 
I'hc  excretion  of  M.  mclitensis  in  the  milk  resulting  from  such  infec- 
tion is  a  late  phenomenon  only  appearing  about  seventy-four  days 
after  the  blood  reaction  has  developed. 

In  rei:)ort  No.  (i  of  the  commission  they  state  that,  reviewing  the 
evidence  already  collected  by  the  Mediterranean  Fever  Commission 
in  its  entiret}',  it  is  fairly  obvious  that  the  infective  character  of  the 
milk  of  many  of  the  goats  upon  the  island  of  Malta  affords  a  ready 
and  reasonable  exiDlanation  of  the  means  by  which  the  disease  is 
transmitted.  Then,  too,  the  evidence  yielded  by  experiments  upon 
monkeys,  sujDported  by  the  facts  of  the  steamship  Joshua  Nicholson 
epidemic,  justifies  the  assumi^tion  that  in  the  ingestion  of  infected 
milk  we  have  the  veritable  infective  agency  in  the  vast  majority 
of  cases.  Additional  weight  attaches  to  this  view  by  reason  of  the 
declining  case  incidence  that  was  associated  with  the  compulsory  sub- 
stitution (owing  to  the  goatherds  strike)  of  imported  preserved 
milks  for  the  fresh  goat's  milk  by  the  local  and  military  authorities. 

Tn  report  Xo.  6,  page  70,  is  an  account  of  an  outbreak  of  Malta 
fever  aboard  the  steamship  Joshua  Nicholson  which  conveyed  a  herd 
of  milk  goats  from  Malta  to  Antwerp  in  the  latter  j^art  of  the 
summer  of  l!)05.  These  goats  were  collected  by  a  representative  of 
the  United  States  Bureau  of  Animal  Industry  for  shipment  to  the 
United  States.  It  reads  almost  as  if  it  M'ere  a  planned  laboratory 
experiment,  and  in  view  of  the  experimental  work  above  referred  to 
established  almost  conclusively  the  relation  of  infected  goat's  milk 
to  the  spread  of  M;vlta  fever.  The  following  account  of  the  outbreak 
is  taken  verbatim  from  the  report  of  the  commission : 

1.  HISTORY  OF  THE  GOATS. 

Mr.  Thompson,  of  the  United  States  Bureau  of  Animal  Industry, 
visited  Malta  in  the  summer  of  1905,  and  during  a  stay  of  some 
months  gradually  purchased  a  herd  of  61  milch  goats  (all  healthy 
in  ap])earance  and  good  milkers,  many  being  prize  animals),  and  4 
billy  goats.  These  he  shipped  on  board  the  cargo  steamer  .Joshua 
Nicholson,  on  August  19,  190.5,  for  passage  to  the  United  States 
via  Antwerp.  During  the  voyage,  which  lasted  until  September  2, 
I !>()<■>,  when  Antwerp  was  reached,  the  goats  were  milking  well,  and 
many  of  the  ship's  company  partook  freely  of  the  milk — tlie  officers 
drinking  "mixed"  milk  coUocted  in  a  large  vessel,  tJie  members  of 
llic  crew  cacli  ol)taining  "whole"  Hiilk  from  1  goat  in  ills  own  sep- 
arate panikin. 

ini— itiiii.  .'■pii— 0!) 11 
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On  arrival  at  Antwerp  the  goats  were  at  once  transferred  to  the 
quarantine  station,  where  they  remained  for  the  five  days  that 
elajjsed  before  they  were  reembaa'ked  on  the  steamship  St.  Andrew 
bound  for  New  Yorlt,  and  during  this  voyage  a  large  quantity  of 
milk  was  again  available  for  consumption.  New  York  was  reached 
about  September  24,  and  the  animals  were  transferred  to  the  quaran- 
tine station  at  Athenia,  N.  J.,  where  they  remained  under  observation. 
Subsequent  bacteriological  examination  resulted  in  the  recovery  of 
31.  meUtensis  first  from  the  inilk  of  2  of  the  goats  and  afterwards 
from  that  of  several  more. 

•J.  THK     INCIDENCE    OF    MEDITERRANEAN     FEVER     AMONCr     THOSE 
WHO  PARTOOK  OF  THE  MILK. 

[a)  In  the  steamship  Joshua  Nicholson. — In  addition  to  4  passen- 
gers (Mr.  Thompson  and  3  goatherds)  present  on  the  voyage  from 
Malta  to  Antwerjj,  the  Joshua  Nicholson  carried  23  officers  and  men. 
Of  the  crew  of  19,  the  carpenter,  boatswain,  and  messroom  steward, 
together  with  others  (11  in  all),  left  the  ship  at  Antwerp;  the  boat- 
swain was  afterwards  in  hospital  suffering  from  hernia;  the  move- 
ments of  the  remainder  can  not  be  traced.  Of  the  12  remaining  offi- 
cers and  crew,  8  fell  sick  at  intervals  varying  from  eighteen  to  thirty- 
four  days  from  the  embarkation  of  the  goats,  and  in  the  cases  of  5  of 
these  8  the  blood  reactions  leave  no  room  for  doubt  that  Mediter- 
ranean fever  was  the  cause  of  their  illness. 

The  4  members  of  the  shi^D's  crew  who  did  not  show  any  signs 
of  illness  were  the  second  mate  and  the  cabin  boj',  with  whom  the  milk 
disagreed  and  wdio  consequently  had  but  very  little,  and  2  engineers 
(Germans)  who  drank  the  milk,  it  is  true,  but  appear  to  have  always 
boiled  it. 

"  Of  the  3  goatherds,  1  (the  chief  goatherd)  had  undoubtedly  been 
infected  with  M.  meUtensis  previous  to  July,  1906,  as  evidenced  by 
the  presence  of  .specific  agglutinins  in  his  blood,  but  whether  recently 
or  remotely  it  M'as  impossible  to  say ;  about  the  2  assistant  goatherds 
no  information  could  be  obtained. 

{b)  At  Antwerp. — The  staff  of  the  ([uarantine  station  and  man}' 
individuals  in  the  neighborhood  are  said  to  have  partaken  of  the 
milk,  both  raw  and  boiled,  during  tlie  five  days  the  goats  were  in- 
terned here,  but  no  information  can  be  obtained  of  the  subsequent 
occurrence  of  cases  of  illness  resembling  Mediterranean  fever. 

(e)  In  the  steamship  St.  Andrew. — The  steamshiji  6'^.  Andrew  car- 
ried 30  cattlemen  and  3  goatheids.  and  Mr.  Thompson,  in  addition  "to 
a  crew  of  30  men.  Most  of  these  drank  of  the  milk,  but  the  masster  of 
the  ship  and  also  his  owners  state  (lial  none  of  Uic  men  sutlVred  from 
any  illness. 


211 

(<f)  In  Anienca. — With  the  exception  of  Mr.  Thompson,  who  died 
in  January,  1906,  from  "  bihiteral  pneumonia  following  influenza," 
and  about  whose  medical  history,  qua  Mediterranean  fever,  no  evi- 
dence can  be  obtained,  only  1  person — a  woman  at  the  quarantine 
Ktatioii — took  the  milk  in  any  quantity.  She,  however,  drank  the 
mixed  milk  from  several  goats  for  a  considerable  period,  and  in  De- 
cember. 1905,  suffered  from  a  typical  attack  of  Mediterranean  fever. 

3.  THE   RESULTS. 

In  sunnnarizing  the  result  of  this  unpremeditated  experiment  sev- 
eral factors  have  to  be  considered.  For  instance,  a  certain  unknown 
number  of  goats — more,  however,  than  2 — were  shown  to  be  secreting 
infective  milk  after  their  arrival  in  America,  some  three  months  after 
leaving  Malta,  but  there  is  no  direct  evidence  as  to  the  number  whose 
milk  contained  M.  meliteniiin  during  the. voyage  in  summer  weather 
from  Malta  to  Antwerp.  Arguing  from  analogy  with  average 
Maltese  herds,  at  least  6  should  have  been  secreting  infective  milk. 
The  goats  purchased  by  Mr.  Thomp.son  were,  however,  picked  ani- 
mals and  heavy  milkers,  and  as  experience  has  shown  that  the  goats 
yielding  the  most  milk  in  any  given  herd  are  the  most  likely  to  be 
passing  M.  melitensis  in  their  milk,  the  probability  is  that  in  this  par- 
ticular herd  of  60  milch  goats  (1  having  died  the  day  after  leaving 
Malta)  the  milk  from  considerably  more  than  6  was  heavily  infected — 
an  inference  which  receives  confirmation  from  the  fact  that  the  3 
officers  and  the  .steward  who  drank  "  mixed  "  milk  each  developed  an 
attack  of  Meditterranean  fever,  the  remaining  officer  and  the  cabin 
boy,  with  whom  the  milk  disagreed  and  who  consequently  did  not 
drink  it,  remained  well. 

The  members  of  the  crew,  on  the  other  hand,  each  drank  "  whole  "' 
milk  from  a  single  goat,  and  apart  from  the  possibilities  of  the  milk 
l)cing  supplied  on  any  jiarticular  occasion  from  an  uninfected  ani- 
mal, a  reference  to  Section  I  (3),  shows  clearly  the  possibilities  of 
a  man  who  obtains  milk,  even  from  an  infected  animal,  avoiding  the 
ingestion  of  infective  milk. 

Apart  from  such  considerations,  however,  it  suffices  to  state  the 
net  result  as  follows: 

Of  23"  men  on  board  tiie  steamship  ./os/uki  Xichohoti.  wlu)  drank 
on  one  or  more  occasions  presumably  infected  milk,  no  evidence  what- 
ever is  available  as  to  12  and  no  relevant  information  as  to  Mr. 
Thompson;  of  the  remaining  U),  1  suff'ercd  from  hernia  only,  1 
was  infected  by  M.  /iwllfctix/x  al   an  unknown  dale,  while  8  suffered 


"  Tliat   is  flisr(>i;arcling  the  2  men  who  boiled  the  inillc   before  ilrlnljlng  It, 
;.iiil  the  oflicer  and  cabin  boy  wlio  did  not  drinli  tlie  niiljt. 
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from  febrile  attacks — 5  (or  50  per  cent  of  them)  yielding  conclusive 
evidence  of  infection  l;)y  M.  melitensis. 

In  Report  No.  5  of  the  commission  is  an  article  by  Major  Horroks 
on  Mediterranean  fever  in  Gibraltar.  The  facts  thei'e  detailed,  taken 
with   the  curve  showing  the  relation  of  the   number  of  goats  in 
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=  No .    of   goats . 
=  Malta   fever. 


Each  square  equals  80   goats. 
11  "  40  cases . 


(iibraltar  to  (ho  luimboi-  of  cases  of  Afalta  fever,  is  particularly 
Interesling  and  suggestive.  With  the  reduction  in  the  number  of 
goals  in  (Jil)i'al(a;-  there  was  also  a  deci-ease  in  the  luunber  of  cases 
of  Malta  fever,  so  that  liiially  when  the  number  of  goats  had  de- 
(;re.ased  lo  about  '200  in  IDO;'),  Malta  fever  has  practically  disappeared. 
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Meditfrraneau  fever,  often  called  "  rock  fever,"  has  existed  in  Gi- 
braltai-  for  many  years,"  although  the  cause  of  the  fever  was  not  known 
until  the  discovery  of  Bruce's  specific  organism  from  fatal  cases  of 
Malta  fever.  Physicians  residing  in  Gibraltar  knew  of  the  existence 
of  a  fever  characterized  by  long  duration,  low  mortality,  and  liable 
ti)  be  followed  by  rheumatic  sequela. 

In  a  study  of  the  cases  of  continued  fever  in  Gibraltar  from  1882 
to  1905  it  was  shown  by  Horrocks  that  in  the  year  1884  there  were 
6'o.i  cases  of  continued  fever  of  which  429  were  probably  Mediterra- 
nean. In  1885  there  were  697  cases  of  continued  fever  including  341 
cases  of  Malta  fever.  In  1886  there  were  only  331  cases  of  continued 
fever  ami  of  these  158  were  enteric  fever.  The  great  increase  in  the 
number  of  cases  of  enteric  fever  was  attributed  partly  to  the  arrival 
of  an  infected  regiment  in  Gibraltar  from  Egypt  and  to  serious  sani- 
tary defects  in  Gibraltar.  In  1887  there  was  again  a  considerable 
falling  off'  in  the  number  of  cases  of  Mediterranean  fever  and  from 
that  date,  with  slight  oscillations,  the  curve  of  Mediterranean  fever 
gradually  declined  until  it  i-eached  0  in  1904.  The  rapid  disappear- 
ance of  febrile  diseases  from  Gibraltar,  which  commenced  in  1885, 
forms  a  mariced  contrast  with  the  state  of  things  in  Malta  in  cor- 
responding }ears.  It  is  plain  that  some  important  factor  which  dis- 
appeared from  Gibraltar  has  continued  to  operate  in  Malta. 

It  has  been  shown  that  the  M.  meUtensls  is  excreted  in  the  nrine  of 
man  and  goats  and  that  animals  can  be  infected  by  dust  contami- 
nated with  the  urine  of  Malta  fever  patients;  that  the  micrococcus  is 
excreted  in  the  milk  of  infected  goats,  and  that  the  consumption  of 
this  milk  causes  Malta  fever  in  monkeys.  It  is  evident  that  both  the 
sanitary  conditions  and  the  j^ossible  infection  of  goats  in  Gibraltar 
must  be  investigated  if  the  cause  of  the  continued  fever  is  to  be 
discovered. 

That  the  imiarovement  of  the  sanitary  conditions  played  but  a 
minor  part  in  the  marked  decrease  in  the  prevalence  of  Malta  fever 
in  Gibraltar  is  shown  by  the  fact  that  the  curve  representing  the 
presence  of  Malta  fever  among  the  military  po])ulation  rose  steadily 
from  1874  to  1884,  in  spite  of  the  improvement  in  the  sanitary  condi- 
tions in  Gibraltar. 

Twenty  years  ago  goats  were  allowed  to  graze  on  certain  portions 
of  the  rock  and  passes  were  granted  to  goat  keepers  for  this  priv- 
ilege. In  1883  passes  for  1,793  goats  were  granted.  In  1886  the 
munber  of  passes  had  been  reduced  to  1,512;  by  1890  the  passes  had 
further  declined  to  590,  and  in  1892  to  only  510.  From  1894  to  1902 
(lie  number  of  goats  appears  to  have  changed  very  little;  in  1904  the 

"  Reports  of  tbe  commission  *  *  *  for  tlie  iuvestigatiou  of  Meditorraneau 
fever     •     »     •     I'urt  .^..  1<J(J7,  p.  55. 
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passes  were  reduced  to  210,  and  when  Major  Ilorrocks  began  an 
examination  of  the  goats  in  190;")  he  found  only  254  distributed  upon 
various  jjortions  of  the  rock.  It  might  be  urged  that,  though  passes 
for  grazing  were  withdrawn,  the  goats  were  still  kept  and  housed  in 
goat  sheds.  This,  however,  was  not  the  case,  as  Major  Horrocks  as- 
certained that  in  the  period  from  1883  to  1903  about  1,100  goats  had 
been  sold,  and  those  familiar  with  the  goat  trade  stated  that  where 
passes  for  grazing  could  not  be  obtained  the  goats  were  not  kept  in 
any  numbers. 

In  190;"),  Major  Horrocks  took  specimens  of  blood  from  254  goats 
foimd  on  various  portions  of  the  rock  and  tested  the  serum  for  ag- 
glutination. Fo)irteen  per  cent  of  them  gave  a  positive  reaction 
with  M.  melitensis.  It  is  extremeh'  suggestive  that  the  decrease  in 
the  Malta  fever  in  the  military  population  was  coincident  with  the 
decrease  in  the  number  of  goats  in  Gibraltar. 

It  appears  probable  that  the  rapid  disappearance  of  Mediterranean 
fever  from  Gibraltar,  which  commenced  in  1885,  was  intimatel}'  as- 
sociated with  the  exodus  of  infected  goats  from  the  rock.  Improved 
sanitary  conditions,  especially  the  disconnection  of  waste  pipes 
and  house  drains  from  .sewers,  may  have  plaj'ed  a  part  in  causing  the 
decrease  of  fever,  but  as  the  same  sanitary  improvements  have  been 
carried  out  in  Malta  without  any  coi'responding  decline  of  Mediter- 
ranean fever,  it  is  fair  to  assume  that  their  effect  was  insignificant 
compared  with  that  produced  by  the  removal  of  the  infected  goats. 


6.  MILK  SICKNESS. 
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MILK  SICKNESS. 


By  George  W.  McCov, 
Passed  A'isistiDit  Surr/con,  Publir  Health  and  Marine-Hospital  Service. 


Definition. — Milk  sickness  is  an  acute,  nonfebrile  disease,  probably 
of  a  specific  fiature  due  to  the  ingestion  of  milk,  milk  products,  or 
the  flesh  of  animals  (usually  cattle)  sutl'ering  from  a  disease  known 
as  trembles.  The  disease  in  man  is  characterized  by  great  depres- 
sion, persistent  vomiting,  obstinate  constipation,  and  high  mortality. 

Synonyms. — Endemic  sick  stomach,  sloes  or  slows,  milk  sick,  sick 
stomach,  colica  trementia,  puking  complaint,  paralysis  intestinalis, 
mukosma,  syro. 

Historical. — Milk  sickness  was  first  noted  and  its  association  with 
trembles  in  cattle  first  defined  about  the  beginning  of  the  last  century. 
The  earliest  professional  account  appears  to  have  been  iDublished  by 
Drake  in  1809,  and  was  based  upon  the  observations  of  Dr.  Thomas 
Barbee.  Since  that  time  the  disease  has  become  an  important  part 
of  the  medical  history  of  our  middle  west. 

In  some  localities  the  disease  was  so  prevalent  and  fatal  that  whole 
communities  migrated  from  "  milk-sick  "  sections  to  parts  where  the 
disease  did  not  occur. 

Almost  every  community  in  some  parts  of  the  country  has  a  tra- 
dition about  outbreaks  of  this  disease  in  the  earlier  years  of  the  past 
century.  We  are  told  by  Colonel  Henry  Watterson  (1909)  that  Nancy 
Hanks,  the  mother  of  Abraham  Lincoln,  died  from  the  disease  in  1818 
after  an  illness  of  a  week.  In  the  words  of  Colonel  AVatterson,  "The 
dread  milk  sickness  stalked  abroad,  smiting  equally  human  beings 
and  cattle." 

With  the  advance  of  civilization,  as  forests  were  cleared  and  pas- 
lures  fenced,  the  disease  became  less  frequent;  l)y  the  time  of  the 
civil  war  the  disease  was  by  no  means  common.  At  the  present  time 
it  is  one  of  the  rarest  of  diseases.  Trembles  in  animals  is  now  almost 
as  rare  as  "  milk  sickness  "  in  man.  According  to  Jordan  and  Har- 
ris (1908)  an  active  focus  of  the  disease  exists  in  the  valley  of  tlie 
Pecos  River  in  New  Mexico,  where  the  disordei-  among  animals  has 
generally  been  attributed  to  "alkali  poisoning."  An  outbreak  oc- 
on-red  in  Macon  County,  Tenn.,  in  April  and  May,  1907.     Small  epi- 
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demies  are  reported  in  some  part  of  Tennessee  every  two  or  three 
years.  The  cases  now  occur  only  in  the  thinly  settled  regions,  usually 
remote  from  lines  of  communication.  Most  frequently  they  are  at- 
tended by  a  layman,  known  locally  as  a  "  milk-sick  "  doctor,  who  has 
a  local  reputation  for  curing  the  disease.  The  only  modern  scientific 
contribution  to  the  literature  of  milk  sickness  is  the  work  of  Jordan 
and  Harris. 

Milk  sickness  in  man  (and  ti'embles  in  animals)  was  such  an  impor- 
tant question  in  the  early  years  of  the  last  century  that  several  State 
legislatures  offered  liberal  rewards  for  the  discovery  of  the  cause  of 
the  disease.  In  18'21  the  legislature  of  Tennessee  passed  an  act  re- 
quiring fences  to  be  made  around  certain  coves  in  Franklin  County 
"  to  prevent  animals  from  eating  an  unknown  vegetable,  thereby 
imparting  to  their  milk  aiul  flesh  qualities  highly  deleterious." 

At  the  present  time  when  the  disease  is  rare  many  persons  living 
in  and  near  the  endemic  foci  abstain  from  the  use  of  milk  and  butter 
on  account  of  the  danger  of  contracting  milk  sickness. 

At  the  outset  one  is  confronted  with  the  difficulty  that  the  affection 
-under  consideration  is  largely  a  matter  of  tradition.  Satisfactory 
accounts  of  the  disease  are  rare.  Drake  (1841),  who  is  much  quoted 
in  all  accounts  of  the  disease,  appears  not  to  have  been  personally 
familiar  with  the  malady;  indeed,  in  his  memoir  he  states  that  he 
has  seen  no  case  in  man  nor  in  the  lower  animals.  Yandell  (1852), 
who  is  also  frequently  quoted  and  has  written  much  on  the  subject, 
makes  no  mention  of  having  himself  seen  cases,  and  in  his  later  publi- 
(^ations  exi)resses  grave  doubt  as  to  the  existence  of  a  specific  disease 
corresponding  to  that  described  as  milk  sickness.  In  his  own  words: 
"  Upon  a  review  of  the  whole  matter,  the  conclusion  to  which  all  the 
testimony  on  the  subject  has  brought  me  is,  that  we,  who  have  written 
upon  milk  sickness  have  been  egregiously  imposed  upon  by  careless 
and  incompetent  observers;"  iNIany  of  the  accounts,  indeed  I  think  I 
may  safely  say,  the  majority,  are  based  upon  hearsay  evidence. 

A  large  inunber  of  the  articles  published  on  milk  sickness  were 
written  wholly  with  the  object  of  proving  that  a  plant  poison  is  the 
cause  of  the  disease;  many  others,  that  a  mineral  poison  is  the 
causative  agent.  The  disease  has  been  described  as  a  mild,  alnu)st 
trivial  affair;  and  again  as  most  malignant  and  fatal.  A  few  writers 
have  regarded  liie  disease  as  a  manifestation  of  malarial  poisoning. 
However,  (he  mass  of  (he  testimony  clearly  indicates  that  there  is  a 
.sjiecific  disease,  known  as  milk  sickness,  always  derived  from  a  case 
of  (rembles  in  an  aninuil. 

Distrihiifioii. — So  far  as  known  (lie  disease  has  never  occurred  out- 
side of  the  Tlnifed  States'.  In  this  country  it  has  been  endemic  in 
many  of  the  n(>wly  settled  regions,  in  practically  all  of  the  States 
south  of  New  York,  and  as  fai'  west  as  Missouri  and  Arkansas.    Ten- 
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nessee,  Kentucky,  Ohio,  Indiana,  and  Illinois  have  suffered  the  most 
severelj'.  At  the  present  time  cases  occasionally  occur  in  Tennessee 
and  North  Carolina.  Cases  have  been  reported  in  Illinois  as  late  as 
11)04.  The  recent  discovery  of  the  disease  in  New  Mexico  is  the  first 
indication  we  have  of  its  occurrence  west  of  the  Mississippi  Valley. 

In  the  endemic  foci,  the  disease  in  the  lower  animals  is  limited  to 
rather  well-defined  areas.  Many  of  these  areas  are  fenced  to  prevent 
the  access  and  consequent  contamination  of  stock.  I  have  seen  a 
number  of  such  inclosures  varying  in  size  from  an  acre  to  several 
thousand  acres.  "  Milksick  Mountain,"  in  M^iite  County,  Tenn.,  is 
entirely  inclosed  by  a  fence  7  or  8  miles  in  length,  built  about  fifty 
years  ago;  since  which  time  the  disease  has  been  very  rare  in  that 
locality. 

The  infected  areas  are  always  wooded  land,  but  otherwise  vary 
marlvedly,  from  dark  damp  ravines  to  high  dry  ridges  or  ordinary 
level  forest  tracts.  Seaton  (1841),  who  wrote  extensively  on  the  sub- 
ject, claimed  that  the  disesise  Avas  found  only  where  sandstone  entered 
largely  into  the  composition  of  the  soil.  Other  writers  do  not  agree 
with  this  view. 

There  appears  to  be  a  very  general  agreement  in  the  opinion  that 
wooded  land  is  essential  for  the  existence  of  the  disease  and  the  clear- 
ing of  the  land  suffices  to  remove  all  danger  of  animals  acquiring 
trembles.  It  is  said  that  if  land  be  rendered  harmless  by  clearing, 
tlicii  be  permitted  to  produce  a  new  growth  of  timber,  the  tract  may 
again  become  the  seat  of  the  disease.  So  sharply  are  some  milk-sick 
areas  defined  that  farmers  point  out  places  where  on  one  side  of  a 
fence  animals  may  be  pastured  in  i:)erfect  safety,  whereas  if  jDastured 
on  the  other  side  of  the  fence  they  are  almost  sure  to  contract  trembles. 
I  have  l)een  told  of  more  than  one  outbreak  of  trembles  due  to  chang- 
ing the  fence  of  a  pasture  by  a  few  yards  so  as  to  include  some  wild 
(uncleared)  land. 

It  has  been  claimed  that  s})rings  and  water  courses  liave  conveyed 
llie  cause  of  trembles,  but  it  seems  clear  that  in  such  cases  liio  animals 
contract  the  disease  in  the  surrounding  wooded  areas. 

Kti()lo(iy  and  patliology. — Children  api)ear  to  be  less  liable  to  the 
disease  than  adults.  Nursing  Avomen  are  said  to  enjoy  a  relative  im- 
nninity  (Johnson,  180G).  One  attack  confers  no  immunity;  in  fact, 
it  ajjjjcars  to  i)redispose  to  subsecjuent  attacks  (]*hilips,  1877). 

The  disease  occui's  most  frequently  in  the  spring  and  the  fall,  but 
records  of  cases  in  summer  ai'e  not  rare  and  a  few  are  said  to  have  oc- 
curred in  winter.  Drake  (1841),  who  investigated  tlie  subject  in 
Ohio,  states  that  the  disease  occurred  in  May  and  June,  l)ut  was  more 
rrc(|uently  met  with  in  August,  September,  October,  and  November. 
The  majority  of  writers  agree  with  this,  stating  that  cases  are  most 
rr<'(|ii(Mil  ill  tlie  rail  months,  and  especially  when  (he  season  lias  been 
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dry.  The  last  outbreak  in  Tennessee  occurred  in  April,  1907,  and  the 
general  impression  prevails  among  phj'sicians  and  laymen  in  that 
State  that  the  disease  occurs  only  in  the  spi-ing  and  the  autumn. 

So  far  as  milk  sickness  in  man  is  concerned  about  the  only  etiolog- 
ical fact  of  importance  is  that  the  disease  occurs  as  a  result  of  the  use 
of  milk,  butter,  cheese,  or  flesh  from  an  animal  suffering  from  trem- 
bles. Even  this  has  been  questioned.  Yandell  (1867)  states  "that 
the  relation  of  the  disease  to  animal  products  is  not  on  an  impregnable 
basis."  The  great  mass  of  evidence,  however,  leaves  little  doubt  but 
that  the  disease  is  practically  always  derived  from  a  case  of  trembles. 

The  favorite  theory  among  physicians  and  laymen  is  that  trembles 
is  caused  by  a  poisonous  plant  eaten  by  the  animals.  It  is  supposed 
that  the  poison  is  eliminated  in  the  milk,  or  if  the  animal  is  not  in 
lactation  is  stored  up  in  its  tissues.  In  support  of  this  theory  it  is 
urged  that  the  disease  occurs  only  in  seasons  when  animals  are  allowed 
to  graze  in  the  ojien,  and  only  when  they  graze  in  certain  special 
places  that  soon  become  known  as  milk  sick.  A  number  of  plants, 
notably  poison  ivy,  white  snakeroot,  and  certain  mushrooms,  have 
been  claimed  to  be  the  essential  cause  of  the  disease.  These  plants 
are  all  common  in  many  localities  that  have  never  had  milk  sickness, 
and  in  no  case  does  the  claim  that  any  one  of  them  is  the  cause  of  the 
disease  appear  to  be  well  founded.  Indeed  the  flora  of  a  milk-sick 
region  may  be  identical  with  that  of  the  adjacent  healthy  land. 

Next  in  j^opularity  to  the  j)lant-poison  theory  of  the  cause  of  the 
disease  is  the  mineral-poison  theory. 

Seaton  (1841)  very  vigorously  maintained  that  milk  sickness  was 
a  form  of  arsenic  poisoning.     Lead  and  cobalt  have  also  been  accused. 

I  have  been  unable  to  bring  about  any  condition  in  guinea  jjigs 
that  even  remotely  resembles  trembles  by  feeding  experiments  with 
cobalt,  lead,  or  arsenic.  When  these  animals  finally  succumbed  to 
the  poison  their  tissues  were  without  any  hai'mful  effect  on  animals 
(guinea  pigs)  to  which  they  were  fed. 

Two  facts,  apparently  well  established,  may  be  urged  against  either 
the  jilant  or  mineral  poison  theory.  In  the  first  place,  the  flesh  of 
animals  dead  of  either  trembles  or  milk  sickness  will,  when  eaten  by 
another  animal,  cause  that  animal  to  develojj  trembles  and  the  dis- 
ease may  again  be  reproduced  by  feeding  the  flesh  of  the  second 
animal.  It  is  said  that  this  transference  of  infection  may  thus  be 
carried  through  a  long  series  of  animals.  In  the  second  place,  the 
observation  has  been  made  verv  frequently  that,  under  natural  con- 
ditions, it  is  only  exposure  at  night  or  in  the  morning  while  dew  is 
on  the  grass,  that  is  capable  of  infecting  an  animal  with  trembles. 

Tlie  limitation  of  trembles  to  certain  well-defined  areas,  and  the 
fact  that  night  exposure  only  appears  to  be  dangerous,  suggest  the 
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possibility  of  the  conveyance  of  the  infection  through  an  interme- 
diary host,  such  as  arthropods  or  biting  insects. 

A  favorite  theory  many  years  ago  was  that  the  disease  is  produced 
by  a  gas  or  miasm  rising  from  the  earth  in  the  affected  region.  The 
gas  was  supposed  to  be  generated  by  earth  or  vegetation.  At  the 
present  day,  no  discussion  of  this  theory  is  necessary. 

Trembles  was  early  recognized  to  have  some  of  the  features  of  in- 
fectious diseases.  In  1843,  Heeringen  wrote  "  I  am  compelled  to  be- 
lieve that  trembles  belongs  to  the  anthrax  family."  This  was  twelve 
years  before  the  discovery  of  the  anthrax  bacillus.  Mention  is  fre- 
quently made  of  the  fact  that  the  disease  may  be  carried  from  one 
animal  to  another  by  feeding  the  flesh  of  a  diseased  animal. 

In  1877,  Philips  reports  finding  "  spiral  bacteria  "  in  the  blood  of 
a  typical  case,  and  the  same  organism,  with  cocci,  in  the  urine  of  the 
same  case.  He  encountered  similar  organisms  in  the  urine  of  other 
cases. 

Gardner  (1880)  reported  finding  in  the  blood  of  a  heifer  suffering 
fi-om  the  trembles,  organisms  "  that  bore  in  size  and  behavior  a 
striking  resemblance  to  the  form  of  bacteria  called  by  naturalists 
bacilla  subtilissima."  He  found  the  same  organism  in  the  water  of 
a  spring  that  had  supplied  a  family  in  which  milk  sickness  was  pres- 
ent. Dogs  suffering  from  "  slows  "  acquired  l:)y  eating  the  flesh  of  the 
heifer  also  had  the  organism  in  the  blood.  He  also  found  the  organ- 
ism in  milk. 

(iraff  (1841)  rei)orted  some  very  remarkable  experimental  work 
with  trembles.  He  found  the  flesh  of  the  animals  not  to  differ  mate- 
rially in  appearance  from  that  of  sound  animals.  Salting  meat,  he 
says,  does  not  impair  its  poisonous  properties.  The  milk  of  a  cow 
was  poisonous,  as  shown  by  feeding  it  to  dogs  for  eight  daj's  after  she 
was  removed  from  the  infected  pasture;  but  a  test  made  a  week  later 
showed  the  milk  to  be  harmless.  He  found  small  amounts  of  meat  or 
butter  sufficient  to  cause  the  disease.  "  One  ounce  of  butter  or  cheese 
<ii-  4  ounces  of  beef,  either  raw  or  boiled,  administered  three  times  a 
day,  will  certainly  prove  fatal  within  six  days,  arid  often  earlier." 
All  these  experiments  were  upon  dogs  and  the  flesh  of  his  experi- 
mentally killed  dogs  was  as  poisonous  as  the  beef  that  conveyed  the 
disease. 

(iraff'  found  that  treating  the  flesli  with  dilute  sulpluiric  acid  for 
two  hours  did  not  destroy  the  poisson ;  even  heating  had  no  effect. 
He  says  butter  heated  "  to  such  a  degree  as  to  cause  it  to  inflame  lost 
none  of  its  ix)isonous  projierties."  He  failed  to  extract  the  jjoisonous 
agent  from  meat  by  ])roIonge(l  Ijoiling.  He  failed  in  attemjils  to 
(•cinununi(tate  the  disease  "by  an  inoculation  with  any  portion  of  the 
body  <ir  secretions  from  infected  animals."  These  experiments  lack 
('onfirniai  ion. 
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Jordan  and  Harris  have  isolated  a  micro-organism  from  the  tissues 
and  body  fluids  of  animals  suffering  from  trembles,  which  they  have 
called  "5.  lactimorbi."  The  following  is  a  brief  abstract  of  their 
description  of  the  bacterium : 

The  organism  is  a  motile  rod,  and  appropriate  staining  demon- 
strates the  presence  of  flagella.  Spores  are  found  under  certain  con- 
ditions. On  an  agar  slant  the  growth  is  smooth,  grayish,  glossy, 
without  pigment  formation.  There  is  a  turbidity  of  broth  at  the 
end  of  twenty-four  hours,  and  later  a  pellicle  forms,  which  falls  when 
the  tube  is  agitated.  Litmus  milk  is  at  first  rendered  alkaline,  later 
it  turns  dirty-white,  and  finally  may  become  opalescent.  No  multi- 
plication occurred  on  potato.  On  Lofflers  blood  serum  there  is  a 
smooth,  yellowish  growth.     Gelatin  is  slowly  liquefied. 

The  nonsporulating  cultures  are  killed  bj'  an  exposure  of  five  min- 
utes to  a  temperature  of  55°  C,  while  the  spore-bearing  cultures  are 
destroyed  at  100°  C.  maintained  for  fifteen  minutes.  The  disease 
has  been  reproduced  in  a  rabbit  by  the  inoculation  of  blood  from  an 
infected  animal.  Feeding  experiments  have  shown  that  the  dog  and 
the  calf  may  be  infected  with  the  organism,  which  may  in  turn  be 
recovered  from  their  tissues  after  death.  These  observers  rejDort 
having  isolated  the  organism  from  several  naturally  infected  cows 
and  from  one  naturally  infected  horse,  and  Doctor  Jordan  informs 
me  in  a  personal  communication  that  they  have  also  isolated  it  from 
a  man  and  from  sheep. 

It  would  appear  from  this  work  that  another  of  the  diseases,  the 
cause  of  which  has  long  been  shrouded  in  doubt  and  mystery,  has  at 
last  yielded  its  secret  to  laboratory  investigation. 

Milk  cows  seldom  show  any  symptoms  so  long  as  they  are  regularly 
milked,  even  though  they  are  secreting  milk  fatal  to  man  and  to  other 
animals;  in  a  herd  the  steers' and  heifers  always  show  symptoms 
before  the  cows  that  are  giving  milk.  Buttermilk  is  generally  re- 
giirded  as  harmless.     Graff  thought  differently,  however. 

Apparently  not  all  are  etjually  susceptible,  as  it  has  frequently 
been  noted  that  of  several  persons  who  partake  of  the  ijoisonous  milk 
or  meat,  some  may  escape,  while  others,  usually  the  majority,  will 
contract  the  disease. 

A  recent  outbreak  which  I  have  investigated  had  some  of  the  con- 
ditions of  an  experiment  on  human  beings.  The  record,  unfortu- 
nately, is  based  entirely  upon  nonprofessional  observation,  but  is,  I 
believe,  fairly  accurate.  In  brief,  it  is  as  follows:  Seven  persons  par- 
look  of  a  meal,  (»  of  whom  used  milk  and  butter  and  became  ill  with 
characteristic  symptoms  of  milk  sickness  and  subsequently  died.  The 
<inly  person  who  escaped  was  a  woman  who  never  used  either  milk  or 
butter.  One  of  the  (i  was  a  guest  and  had  only  this  one  meal  in  this 
house.     'J'liis  individual  .--ickeneil  ou  the  day  after  i)artaking  of  that 
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meal.  The  other  5  persons  became  ill  at  different  times ;  the  last  one 
about  ten  days  after  eating  the  meal  that  apparently  poisoned  the 
guest.  A  calf  using  the  same  milk  sickened  with  "  trembles  "  soon 
after  the  earliest  cases  in  the  family.  The  cow  accused  of  imparting 
the  disease  developed  "  trembles  "  and  died.  The  cow  showed  no 
symptoms  until  milking  was  neglected  on  account  of  illness  in  the 
family.  It  was  believed  that  this  cow  had  been  on  milk-sick  land 
about  two  weeks  prior  to  the  outbreak.  This  outbreak  seems  to  have 
been  a  typical  one,  the  sickening  of  the  cow  only  after  she  was  no 
longer  milked,  the  sickening  of  the  calf  at  about  the  same  time  that 
some  of  the  persons  were  attacked,  the  onset  of  the  illness  at  a  vary- 
ing period  after  the  use  of  the  suspected  milk  and  butter,  finally,  the 
exemption  of  the  only  person  who  did  not  partake  of  the  milk  or 
butter,  all  agree  with  the  older  descriptions.  As  trembles  and  milk 
sickness  are  both  so  rare  at  present,  an  occurrence  like  this  points 
strongly  to  a  most  intimate  relation  between  them. 

The  few  recorded  post-mortem  examinations  throw  little  light  upon 
the  nature  of  the  disease.  Home  (1844),  who  examined  three  human 
cases,  found  inflamed  patches  in  the  small  intestine.  The  mesenteric 
glands  were  red  and  greatly  enlarged. 

In  animals.  Graft'  found  the  brain  "  suffused  with  a  large  quantity 
of  blood,  which,  from  the  amount  contained  within  the  cranium,  must 
have  made  great  pressure  on  every  part."  In  one  human  case  he 
found  softening  of  the  brain  and  evidence  of  meningitis.  Graff  tells 
us  that  this  autopsy  was  conducted  "  by  stealth  at  night  in  the  open 
air,  and  by  the  light  of  a  single  candle." 

Barbee  (1840)  found  the  colon  in  man  "  contracted  to  the  size  of  a 
common  candle."  The  mucous  membrane  of  the  stomach  was  red  and 
thickened  in  spots;  the  remainder  presented  a  pale  and  softened  ap- 
pearance.    The  peritoneal  coat  of  the  small  intestines  was  inflamed. 

.Jordan  and  Harris  made  a  number  of  post-mortem  examinations 
on  the  lower  animals'.  They  noted  the  odor  of  acetone  when  the  body 
cavities  were  opened.  This  is  interesting  in  view  of  the  statement  of 
most  of  the  old  writers  that  there  is  a  peculiar  and  characteristic  odor 
of  the  breath  in  milk  sickness.  The  other  findings  in  cattle  were, 
briefly,  as  follows: 

Small  amounts  of  fluid  in  pleural  and  pericardial  sacs,  numerous 
(ciliymoses  beneath  the  visceral  pericardium.  The  heart  muscle  was 
paler  than  normal  and  when  sections  were  examined  genei'al  cloudjr 
swelling  was  found.  A  general  injection  of  the  vessels  of  the  small 
intestine  was  present.  The  liver  was  always  enlarged,  purj>le  red, 
sometimes  with  streaks  of  yellowish.  Microscopical  examination 
.showed  cloudy  swelling  and  fatty  degeneration  of  tlie  organ.  The 
gall  bladder  was  usually  full  of  dark-green  bile.  The  liver  tissue 
was  very  friable,  occasionally  yellowish  red,  and  gave  the  a])i)('arancc 
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of  the  '•  nutmeg  "  liver.  The  sj^leen  and  the  kidneys  were  markedly 
congested.  The  mucous  membrane  of  the  small  intestine  was  deeply 
injected  and  had  much  tenacious  mucus  adhering  to  it.  In  horses 
the  lesions  were  similar  to  those  described  in  cattle.  The  liver  showed 
marked  cloudy  swelling  and  less  fatty  change  than  in  cattle.  Thcif; 
were  small  nodules  embedded  in  the  wall  of  the  small  intestine. 
These  nodules  were  4  or  5  millimeters  in  diameter  and  were  elevated 
above  the  surface.  The}'  were  found  to  originate  in  the  lymph  nodes 
embedded  in  the  mucosa. 

Symptoms. — Philips  (1877)  and  others  thought  that  an  interval  of 
days  or  even  weeks  elap.sed  between  the  exposure  on  infected  areas 
and  the  development  of  symptoms  of  trembles  in  cattle.  Drake  de- 
scribes the  sj'mptoms  of  trembles  in  animals  as  follows: 

The  animal  begins  to  mope  aud  droop,  and  to  walk  slower  than  its  fellows,  to 
falter  iu  its  gait.  If  under  these  circiimstaucos  it  should  be  driveu,  aud  attempt 
to  ruu,  the  debility  and  stiffness  of  its  muscles  are  immediately  apparent.  It 
fails  rapidly,  trembles,  pants,  aud  sometimes  seems  blind,  as  it  runs  against 
obstacles,  but  this  may  arise  from  vertigo ;  at  length  it  falls  down,  lies  on  its 
side  quivering,  and  is  not,  perhaps,  able  to  rise  for  several  hours,  sometimes 
'  never. 

He  also  mentions  a  chronic  form. 

The  characteristic  sj'mptom,  trembling,  may  always  be  brought  out 
by  exercising  the  suspected  animal.  It  is  related  that  cattle  buyers 
never  purchased  animals  from  milk-sick  districts  until  they  had  given 
them  a  run  of  half  a  mile  or  more  to  ascertain  if  they  had  trembles. 

When  a  cow  is  regidarly  milked  no  symptoms  are  likely  to  develop. 

In  at  least  some  instances  a  period  of  several  days  ajjpears  to  inter- 
vene between  the  consumption  of  the  poisoned  milk  or  meat  and  the 
onset  of  symptoms  in  man.  Spalding  (1881)  reports  an  outbreak 
where  three  days  in  one  case  and  six  days  in  another  intervened  be- 
tween suspending  the  use  of  the  susf^ected  milk  and  the  onset  of  the 
symi)toms.  He  also  speaks  of  the  onset  in  some  cases  as  being 
"  almost  instantaneous  when  milk  or  beef  is  taken."  It  would  appear 
that  such  cases,  with  verj'  earlj'  onset,  may  be  due  to  decomposition 
products  belonging  to  the  class  of  poisons  usually  called  ptomaines. 

As  judged  by  the  description  of  most  writers,  the  symptom  com- 
plex in  man  apjaears  to  be  fairly  uniform.  In  describing  it  I  will  use 
freely  the  account  of  Way  (1893).  The  onset  is  gradual,  the  indi- 
vidual tires  easily,  there  is  loss  of  appetite,  in  a  day  or  two  vomiting 
begins,  the  bowels  are  obstinately  constipated,  there  is  great  abdom- 
inal distress,  the  tongue  becomes  large  and  llabby,  the  breath  acquires 
a  foul  odor  that  is  regarded  as  highly  characteristic  of  the  disease, 
the  abdomen  is  scaphoid,  there  is  marked  visible  jiulsation  of  the 
abdominal  aoi'ta,  the  temperature  is  not  elevated;  in  fact,  it  is  gen- 
erally siibnoi'nial,  (here  is  always  great  thirst.     The  mind  usually 
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remains  clear,  but  in  fatal  cases,  coma  for  several  hours  may  pi-ecede 
dissolution.  The  average  duration  of  cases  is  about  one  week.  The 
cases  referred  to  in  the  recent  outbreak  in  Tennessee  died  in  fi-om 
two  to  ten  days  after  the  onset  of  symptoms. 

A  common  sequel  of  milk  sickness  is  a  lasting  debility.  I  have 
seen  a  considerable  number  of  persons  who  claimed  that  since  an 
attack  of  the  disease,  they  were  incapacitated  for  hard  work,  especially 
in  warm  weather. 

The  mortality  is  quite  high.  Physicians  who  have  had  a  large 
experience  with  this  disease  tell  me  that  at  least  half  the  cases  will 
perish,  even  when  carefully  treated.  Numerous  family  outbreaks 
are  recorded  where  the  mortality  has  been  100  per  cent,  as  was  the 
case  in  the  last  outbreak  in  Tennessee. 

Treatment. — The  early  settlers  had  worked  out  the  very  successful 
preventive  treatment  of  keeping  their  animals  from  lands  known  to 
be  dangerous,  or  what  is  better,  to  use  for  purposes  of  pasture  in 
endemic  foci,  only  "  tame  "  lands;  that  is,  land  from  which  the  timber 
had  been  cut.  It  is  even  better  to  bring  the  land  under  cultivation, 
but  this  does  not  appear  to  be  essential. 

With  our  present  knowledge  the  treatment  of  the  disease  should 
Ije  purely  symptomatic.  AVe  have  no  specific  remedy.  Kest  in  bed, 
al>stinenre  from  food,  stimulating  enemeta,  and  a  judicious  use  of 
stinudants  would  appear  to  be  indicated. 

The  treatment  of  cases  in  the  early  days  was  somewhat  ^•igorous 
in  accordance  with  the  therapeutic  customs  of  the  day.  Graff  recom- 
mended free  drawing  of  blood  and  the  use  of  calomel  not  to  exceed  5 
grains  every  two  or  three  hours.  Some  advised  a  much  more  liberal 
use  of  calomel.  Counter  irritation  over  the  abdomen  was  a  favorite 
measure  used  to  allay  abdominal  pain  and  vomiting.  It  was  gener- 
ally regarded  as  essential  to  secure  a  free  movement  of  the  bowels, 
and  when  this  had  been  accomplished  the  case  was  regarded  as  offer- 
ing a  favorable  jsrognosis. 

Drake  (1841)  considered  blood  letting  of  doubtful  value,  but  ad- 
vised the  free  use  of  cathartics.  Enemeta  were  frequently  used. 
Philips  (1877.)  used  a  purely  expectant  plan  of  treatment  and  urged 
against  the  use  of  strong  purgatives.  He  used  strychnine  in  liberal 
doses,  apparently  with  benelit. 
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Summary. — Theoretically,  It  is  possible  that  certain  infections  with  animal 
parasites  may  be  contracted  throngh  the  milk  supply,  but  such  possibility  does 
not  present  any  danger  which  is  even  remotely  comparable  with  the  danger  of 
contracting  typhoid  through  the  milk.  No  animal  parasite  is  known  for  which 
milk  is  a  necessary  transmitting  medium  or  a  necessary  habitat  in  any  particu- 
lar stage  of  the  life  cycle.  Accordingly,  the  danger  of  contracting  zoo-parasitic 
diseases  through  the  milk  supply  is  in  general  more  theoretical  than  real,  and 
can  be  prevented  by  the  most  elemeutaiy  methods  of  cleanliness. 

There  is  no  animal  parasite  known  for  man  for  wliich  cow's  milk  is 
either  the  necessary  medium  of  transmission  or  the  necessary  habitat 
during  any  portion  of  its  life  cycle.  The  question  of  the  relation  of 
cow's  milk  to  the  zoo-parasitic  diseases  of  man  reduces  itself  therefore 
to  the  question  as  to  what  animal  parasites  of  man  are  most  likely  to 
gain  access  to  the  milk  accidentally  during  a  stage  of  their  life  cycle 
which  would  render  their  transmission  to  man  possible. 

In  reference  to  this  question  the  broad  statement  may  be  made  that 
such  possible  cases  would  in  general  be  due  to  the  following  causes: 

(a)  Fraudulent  practices  on  the  part  of  persons  in  the  milk  trade 
in  diluting  the  milk  with  water. 

(h)  The  use  of  contaminated  water  either  in  such  cases  or  in  wash- 
ing the  utensils  with  which  the  milk  comes  into  contact. 

(c)   Improper  disposal  of  fecal  matter. 

{(1)  Careless  personal  habits  on  the  j^art  of  luilk  dealers,  servants, 
etc.,  whereby  the  milk  might,  by  coming  into  contact  with  their  hands, 
become  infected  with  stages  in  the  life  cycle  of  the  parasites  which 
>  would  render  transmission  possible. 

(«)  Carelessness  whereby  fecal  material  from  various  animals 
(particularly  of  dogs,  rats,  and  mice)  might  gain  at'cess  to  the  milk; 
and 

(/)  Permitting  cats  or  dogs  to  liave  access  (o  the  milk  or  to  the 
dishes  used  for  milk. 
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From  the  foregoing  it  will  be  seen  that  the  entire  question  under 
discussion  is  one  of  simple,  elementary  cleanliness,  honesty,  and  pro- 
priety ;  that  when  due  regard  is  had  for  these  three  factors  the  danger 
of  infection  by  animal  parasites,  through  the  milk  supply,  is  elim- 
inated; but  that  such  danger  increases  in  proportion  as  these  factm- 
are  ignored. 

There  is  no  evidence  on  record  that  any  one  of  the  foregoing  possi- 
bilities has  ever  played  an  important  role  in  producing  any  large 
number  of  cases  of  infection.  Still  it  may  be  well  worth  while  to 
refer  to  these  possibilities  briefly  as  contributing  arguments  in  favor 
of  a  clean  milk  sujjjjly- 

{a  and  h)  Water-born^,  parasites. — If  contaminated  water  is  used 
in  washing  milk  cans  or  in  fraudulently  diluting  milk  it  stands  to 
reason  that  the  contamination  in  question  may  be  transmitted  to  the 
milk  and  through  the  latter  it  maj'  be  transmitted  to  the  consumer. 
In  this  manner  any  obligatory  or  faculative  water-borne  zoo-parasitic 
infection  (such  as  amebic  dysentery,  coccidiosis,  possibly  some  forms 
of  distomatosis,  cjsticercosis,  hydatid  diseases,  eelworms,  etc.),  might 
be  transmitted  through  the  milk.  The  dangers  involved  are  not  suf- 
ficient to  cause  any  sensation  or  alarm,  but  they  are  sufficiently  real 
to  present  contributing  arguments  in  favor  of  protecting  milk  from 
foul  and  contaminated  water. 

(c)  Improper  disposal  of  fecal  material. — "\A^ien  fecal  material  is 
not  properly  disposed  of,  the  danger  is  present  that  the  infection 
^vhich  it  contains  may  be  spread  in  various  ways,  as  by  flies,  to  the 
food,  and  thus  it  may  gain  access  to  man.  The  danger  involved  in 
reference  to  the  animal  parasites  is  not,  in  general,  so  great  as  it  is 
in  reference  to  the  bacterial  infections — such  as  typhoid,  cholera,  etc. ; 
for  in  case  of  the  zooparasites  the  transmission  in  most  of  the  in- 
stances in  which  it  is  theoretically  possible  could  take  place  only  when 
the  organisms  had  reached  a  certain  stage  in  their  life  cycle.  For 
instance,  a  typhoid  or  a  cholera  stool  would,  a  priori,  be  more  danger- 
ous when  fresh  than  when  one  to  several  weeks  old,  and  its  danger 
would  decrease  with  age;  from  a  case  of  amebic  dysentery,  hookworm 
disease,  or  eelworm  infection,  danger  from  a  perfectly  fresh  stool 
would  in  general  be  nil;  gradually  the  stool  would  become  infectious 
corresponding  to  the  rapidity  of  the  development  of  the  infecting 
stage  of  the  parasites  in  question;  this  infectiousness  would  increase 
to  a  maximum,  according  to  conditions  of  heat  and  moisture,  and 
then  the  infectivity  would  gradually  decrease.  If  stools  in  an  infect- 
ive condition  are  visited  by  flies  or  are  washed  into  a  water  supply  or 
are  scattered  in  dust  form,  they  can,  according  to  the  various  con- 
ditions, form  the  basis  of  various  zoo-parasitic  infections,  and  should 
jjarticles  of  such  stools  be  accidentally  carried  to  milk,  the  milk  could 
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act  as  a  mechanical  bearer  of  the  germs.  In  general,  however,  the 
chances  of  such  method  of  infection  seem  rather  remote,  in  so  far  as 
the  animal  parasites  are  concerned. 

{d)  Personal  habits  of  persons  who  handle  milk!- — It  seems  possi- 
ble that  the  personal  habits  of  persons  (such  as  milkers,  servants, 
etc.),  who  come  into  more  or  less  close  contact  with  milk,  might  be  a 
more  appreciable  element  than  any  of  the  foregoing  in  infecting  the 
milk,  although  even  in  such  cases  the  infection  in  question,  namely, 
by  animal  parasites,  would  be  of  far  less  importance  than  a  typhoid 
infection.  For  instance,  while  a  milker  who  is  a  typhoid  "  bacillus 
carrier  "  would  be  an  element  of  grave  danger  to  the  public  health, 
an  infection  (in  that  person)  of  pinworm,  of  pork  tapeworm,  and 
perhaps  of  Cochin  China  diarrhea,  might  be  of  some  slight  impor- 
tance, in  reference  to  the  possibility  of  their  transmission  through  the 
milk  supply ;  but  if  that  person  had  coccidiosis,  the  fat,  or  the  broad 
tapeworm,  or  flukes,  eelworms,  or  Avhipworms,  such  infections  would 
be  without  significance,  so  far  as  the  public  milk  supply  is  concerned. 

(e)  Fecal  material  from  animals. — It  is  not  a  pleasant  thought 
that  our  milk  supply  may  contain  fecal  material  from  various  ani- 
mals, but  such  is  unfortunately  the  case.  Upon  several  occasions 
other  divisions  in  this  laboratory  have  submitted  to  the  Zoological 
division  for  determination,  sediment  taken  from  bottled  milk  and 
such  sediment  has  proved  to  be  feces  from  rodents — either  rats  or 
mice.  Now  it  is  supposed  that  at  least  3  intestinal  parasites  from 
the  rats  and  mice  are  capable  of  developing  directly  in  man.  In  the 
case  of  one  of  these  parasites  (dwarf  tapeworms) ,  the  usually  accepted 
view  is  open  to  question,  since  the  form  in  man  is  perhaps  specifically 
di.stinct  from  the  form  in  rodents;  in  the  case  of  a  second  parasite 
(the  trichina  worm),  the  transmission  from  rat's  feces  to  man  is 
probably  possible,  but  more  theoretical  than  practical;  in  the  case  of 
a  certain  protozoan  infection  {Lamblia)  it  is  quite  possible  that  a 
real,  though  perhaps  not  very  frequent  danger  is  present  of  its  trans- 
mission through  the  milk  supply. 

(/)  Infections  fro7n  dogs  and  cats. — Probably  the  greatest  danger 
of  the  transmission  of  parasites  from  dogs  and  cats  through  the  milk 
supply  lies  in  the  accidental  infection  with  hydatids,  from  contamina- 
tion with  canine  feces,  and  the  accidental  presence,  in  milk,  of  the  cat 
and  dog  flea,  in  which  a  larval  tapeworm  occurs  which  is  transmissible 
Id  man.  In  neither  case,  however,  is  any  instance  of  these  parasites 
|)(isinvcly  traced,  so  far  as  T  know,  to  this  method  of  infection, 
although  such  method  must  be  ;ulmitteil  as  theoretically  possible. 
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Tho  influence  of  milk  on  morbidity  :uul  mortality  furnishes  a 
striking  example  of  the  potency  for  evil  of  a  thing  designed  for  the 
accomplishment  of  good.  The  food  of  the  new-born  and  the  most 
important  aliment  of  the  sick  and  the  aged  becomes  too  often  a  pro- 
moter of  disease  and  an  instrument  of  death.  This  malign  influence 
of  impure  milk  or  milk  improperly  used  is  made  evident  liy  the 
mournful  proofs  of  the  extensive  and  growing  statistics  on  the 
subject. 

QUANTITIES    OF    MILK    CONSUMED. 

The  importance  of  the  role  played  by  milk  in  the  causation  of 
disease  is  emphasized  when  attention  is  drawn  to  the  enormous 
quantities  of  milk  consumed.  Based  on  the  Twelfth  Census  of  the 
United  States  taken  in  the  year  1900,  the  milk  and  cream  sold  in  1899 
by  farmers,  deducting  the  quantities  purchased  by  butter  and  cheese 
factories  and  condensed-milk  establishments,  was  equivalent  to  about 
740,000,000  gallons  of  milk.  This  quantity  of  milk  consumed  by  the 
non farming  poi^ulation  in  a  single  year  was  as  great  as  the  quantity 
of  water  supplied  to  the  city  of  Washington  in  about  ten  days.  The 
av(>rage  quantity  of  milk  purchased  by  the' urban  and  suburban  jiopu- 
lation  of  the  United  States  is  ^2'?>  gallons  a  year  for  each  person.  The 
consumption  of  milk  in  Philadelphia  during  i\w  year  1905  was  esti- 
mated at  2'A  gallons  for  each  inlial)itant ;  and  in  London,  England, 
during  the  year  1892,  at  11.5  gallons. 

MILK  AND  DISEASE. 

Ileallh  may  be  influenced  by  cow's  milk  either  because  the  milk  is 
physiologiciilly  unsuitable,  as  for  infant  feeding,  or  because  it  has 
become  a  medium  of  infection.  Milk  of  inferior  nutritive  value  can 
not  be  without  its  efl'ect  on  the  health  of  the  consumer,  especially  when 
used  as  a  food  for  babes.    This  effect  is  difficult  to  show  statistically. 
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Its  potency  is  nevertheless  e^adent  from  a  statement  by  J.  Wicliffe 
Peck,  chemist  to  the  Hospital  for  8ick  Children.  London,  that  the 
average  quality  of  milk  offered  for  sale  throughout  London  is  so 
defective  in  fat  and  nonfatty  solids  that  a  child  at  six  months,  whose 
weight  should  increase  about  4  ounces  weekl3%  suffers  each  week  a  loss 
in  diet  of  3i  ounces  of  fat  and  nonfatty  solids  when  its  ration  of 
fraudulently  manipulated  cow's  milk  is  based  on  the  supposition  that 
the  milk  is  of  standard  quality.  Such  low  standard  milk  tends  to 
produce  marasmus  and  rickets.  Marasmic  children  present  a  decided 
predisposition  to  bronchitis  and  summer  diarrhea  and  thus  indirectly 
an  increase  of  infant  mortalitj'  is  brought  about  In'  diluted  or 
adulterated  milk. 

STATISTICS  OF  INFANTILE  MORTALITY. 

The  malign  effects  of  hand  feeding  of  infants  and  the  consequent 
impress  made  upon  the  mortality  returns  become  manifest  by  an 
examination  of  vital  statistics,  but  to  gauge  the  exact  ratio  of  infant 
deaths  resulting  from  artificial  feeding  is  very  difficult. 

The  i-eports  of  the  United  States  Census  Office  on  mortality  for  the 
year  1905  show  that  in  the  registration  area  with  a  population  of 
33,757,811  there  were,  of  545,533  deaths  at  all  ages  from  all  causes, 
105,553  deaths  among  infants  under  one  year  of  age.  Diarrhea  and 
enteritis  caused  the  death  of  39,309  infants  in  the  first  year  of  their 
life.  In  England  and  Wales  all  the  deaths  registered  during  the  same 
year  numbered  520,031  and  were  in  the  proportion  of  15.2  per  1,000 
persons  living.  The  deaths  of  infants  under  one  year  of  age  wei'e  in 
the  proportion  of  128  per  1,000  births  in  the  year  as  compared  with 
150  per  1,000,  the  mean  proportion  in  the  years  1895  to  1904,  inclusive. 
The  proportion  of  infant  deaths  in  England  and  Wales  during  the 
year  1905  is  the  lowest  then  recorded,  although  closely  approximated 
in  .some  previous  years. 

Counnenting  upon  the  official  statistics  of  infantile  mortality  the 
Kegistrar-Gcneral  of  England  writes: 

II  liiis  fioqiiontly  boen  jiointeil  out  in  the  reports  that  although  the  general 
niDitality  in  this  country  has  steadily  fiillen  in  the  course  of  the  last  half  cen- 
tury, ncvei'tlicless  infiints  in  the  first  yoiir  of  life  have  not  shared  in  tlie  benefit. 
AlMiut  one-lifth  i>;irt  of  the  totiil  loss  of  life  in  the  first  year  iifter  birth  fakes 
place  williin  a  week  of  that  evenf.  while  by  the  end  of  the  first  UK)nfli  the  pro- 
portion reaches  one-tliini,  ami  liy  tlic  ciid  of  the  third  month  it  exceeds  one-half. 
From  the  first  to  the  fdurlh  mkpiiIIi  diarrheal  diseases  steadily  increase  in  de- 
structiveness,  after  wliich  month  they  become  gradually  less  fatal,  although 
they  still  contribute  seriously  to  the  death  rate  throughout  the  fir.st  year  of  age. 

The  rate  given  for  the  whole  of  England  and  Wales  does  not  fairly 
represent  tlie  infant  mortality  of  the  cities  of  England.  It  was  stated, 
for  cxampie,  at  the  amiiial  iiieeliug  in  IIHIC)  of  the  subscribers  to  the 
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( 'hiklren's  Hospital  at  Pendleberiy  that  the  death  rate  of  infants 
under  one  year  during  the  decade  ending  1903  was  183.8  in  Manchester 
;ind  198.3  in  Salford. 

The  following  statistics  from  various  countries  are  along  the  same 
lines: 


GenetRl  mortal- 
ity— Deaths  to 
1,000  living;  aver- 
age annual  rate  in 
10  years (1895-1904). 


Russia  (European)  . 
Chile 


Hungary 

Ceylon  

Roumania 

Austria . 

Servia 

Bulgaria.... 

Italy 

Jamaica .' 

German  Empire 

Prussia 

Japan 

France 

Finland 

Switzerland 

Ireland 

Belgium 

Scotland 

England  and  Wales. 
The  Netherlands  . . . 

Denmark 

Sweden 

Norway 

Western  .\ustralia.. 

Victoria  

Tasmania 

Queensland 

Ni'W  South  Wales. . . 

Situth  Australia 

New  Zealand 


n33.6 

28.8 
27.8 
27.3 
26.8 
26.8 
25.2 
23.9 
23.9 
22.7 
22.4 
20.8 
20.5 
b  20. .') 
20.4 
18.7 
18.1 
l.S.O 
17.8 
17.8 
17.2 
17.0 
1.5.8 
1.5.8 
15.1 
14.6 
13.3 
11.8 
11.8 
U.7 
11.5 


Infantile  mortal- 
ity—Deaths of 
children  under  1 
yearto  1,000  births 
— average  annual 
Rate  in  10  years 
(1895-1904). 


Chile 

Russia  (European)  .. 

Austria 

Roumania 

Hungary 

Prussia 

Spain 

Jamaica 

Italy 

Ceylon 

Belgium 

France  

Servia 

Japan  

England  and  Wales . 

The  Netherlands 

Western  Australia... 

Bulgaria 

Switzerland 

Finland 

Denmark 

Scotland 

New  South  Wales  , . . 

Victoria 

Ireland 

South  Australia 

Queensland 

Sweden 

Tasmania 

Norway 

New  Zealand 


■■Average  for  10  years  (1890-1899). 
"Average  for  ."«  years    (1900-1904). 


"Average  for  10  years  (1892-1901). 
'Average  for  10  years  ( 1894-190:!  i . 
"Average  for  8  years  (1895-19()2|. 

Balestre  and  St.  Joseph,  in  a  study  of  mortality  in  early  in  fancy 
in  the  urban  population  of  France  from  1892  to  1897,  give  a  mass  of 
valuable  data  bearing  on  the  appalling  annual  toll  exacted  from 
tlie  infant  population  of  France — a  loss  of  life  which  in  conjunction 
with  the  unu.sually  low  birth  rate  in  France  has  given  the  question 
of  infantile  mortality  in  that  country  a  national  importance. 
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Infantile.  nKirtitlilii  in  France. 
[1892  to  ls;i7.  influsive.] 


Deaths  at  all 

ages  from  all 

causes. 


Deaths  of  in- 
fants  under  1 
year  per  1,000 
of  all  deaths  at 
all  ages. 


Deaths  from 
diarrhea  and 
gastroenteritis 
of  infants  un- 
der 1  venr  iier 
1,000  deaths  un- 
[der  1  year  from 
all  causes. 


Paris,  population  2,511,629 

11  cities  between  100.000  and  500,000  inhabitants  having 
a  combined  population  of  2,3(>5,238 

47  cities  between  30,000  and  100.000  inhabitants  having 
a  combined  population  of  2,121,820 

622  cities  of  less  than  30,000  inhabitants  having  a  com- 
bined population  of  5,892,034 


303, 206 

322,129 
334,032 
790, 576 


145. 35 

184. 73 
167. 25 
168. 13 


380.30 
420.  -19 
350. 06 


"  Not  recorded. 


In  Paris  and  the  cities  of  France  having  over  30,000  inhabitants 
the  deaths  from  diarrhea  by  months  per  1,000  infants  under  1  year 
dyino-  from  all  causes  were  as  follows: 


January 212.  S 

February 211. 1 

March 224.  S 

April 254.  8 

May 303. 1 

June 426.  4 


July 587. 1 

August G06.  4 

September 537.  7 

October 431.5 

November 304.  C 

December 235.9 


It  is  seen  from  these  figures  that,  though  the  months  of  June,  July. 
August,  September,  and  October  present  the  most  deplorable  projDor- 
tion  of  deaths  from  diarrhea,  this  cause  is  not  negligible  in  autumn 
and  winter. 

In  Germany,  according  to  Beliring,  of  every  1.000  children  boi-n 
alive  235  succumb  during  the  first  year  of  life.  Only  510  out  of 
1,000  males  born  attain  manhood.  Not  more  than  a  third  of  those 
reaching  maturity  are  found  to  be  fit  for  military  service.  These 
sad  facts  liehring  attributes  very  largely  to  the  ulterior  effects  of 
infection  derived  in  infancy  from  milk. 

DIARRHEAL  DISEASE  AND  MILK. 

The  statistics  given  show  how  large  a  proportion  of  all  deaths  are 
among  infants.  It  has  been  said  that  there  is  only  one  other  period  in 
life  in  which  the  chance  of  deatli  is  greater  than  it  is  under  1  year, 
namely,  in  persons  over  90  years  old.  It  is  seen  also  that  no  cause  is  so 
prolific  among  children  in  the  fir.st  year  of  life  as  disease  of  the  diges- 
tive organs.  Diarrheal  diseases  of  infants  are  generally  accepted  to  be 
due  to  impiii'e  food;  but  there  is  no  rea.son  (o  believe  that  the  alimen- 
tary canal  of  the  average  infant  is  often  incapable  of  digesting  the  food 
necessary  for  growth  and  development  when  the  food  sup])lied  is  of 
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suitable  quality  and  quantity.    During  the  first  year  of  its  life  a  child 

( .uisumes  about  500  quarts  of  milk.    There  is  ample  evidence  to  show 

iliiit  the  proportion  of  deaths  among  infants  is  gi'eatly  reduced  when 

1  Im  v  receive  the  food  nature  designed  for  them,  namely  mother's  milk, 

I  >i  when,  as  a  substitute  therefor,  the  most  exact  imitation  is  provided 

.!ih  due  care  to  prevent  its  infection.     There  is  no  doubt  that  the 

''•>ing  of  all  infants  by  healthy  mothers  would  contribute  immensely 

!  he  reduction  of  the  infantile  death  rate.     Observations  in  many 

1  .ii'ls  of  the  world  confirm  this  conclusion. 

MOTHER'S  MILK  AND  LESSENED  INFANTILE  MORTALITY. 

(  asper  in  18:25  recorded  tliat  a  trustworthy  traveler,  von  Schubert, 
-ays  that  the  high  death  rate  among  young  children  in  Norway  and 
-Xorthern  Sweden  in  the  early  part  of  the  last  century  was  very  evi- 
dently due  to  feeding  infants  with  cow's  milk  instead  of  mother's 
milk.  At  jDresent,  breast  nursing  is  altogether  the  custom  throughout 
Norway,  insomuch  that  Borchart  quoting  statistics  in  1883  says  that 
in  Norway  and  Scotland  where  suckling  of  infants  is  the  rule,  out 
of  100  children  born  10.4  for  Norway  and  11.9  for  Scotland  die, 
whereas  in  Wiirtemberg,  where  mothers  as  a  rule  are  not  in  the  habit 
of  suckling  their  infants,  35.4  per  cent  perish  in  the  first  year  of  life. 
W.  J.  Tyson  states  that  of  all  infants  who  die  in  England  in  the 
first  year  of  life  three-fourths  have  been  fed  artificially,  and  Doctor 
Hope,  medical  officer  of  health  of  Liverf)ool,  says  that  according  to 
his  observation  sanitary  conditions  have  no  marked  influence  on 
infant  mortality,  but  that  the  methods  of  infant  feeding  are  chiefly 
responsible  for  the  high  rate  at  which  it  is  maintained. 

Newsholme,  with  a  view  to  determining  the  relation  of  mortality 
to  artificial  feeding,  gives  a  census  of  an  infant  population  of  1,259  in 
10,308  houses  in  Brighton,  England,  taken  in  a  house-to-house  inspec- 
tion in  the  three  years  1903-5,  inclusive,  combined  with  an  inquiry 
into  the  manner  of  feeding  of  121  babes  dying  of  diarrhea  and  be- 
longing to  the  same  so(,'ial  stratum  as  those  forming  the  sample  popu- 
lation. He  concludes  from  these  inquiries  that,  taking  the  whole  of 
the  first  year  of  life,  the  number  of  deaths  from  epidemic  diarrhea 
among  breast-fed  babes  is  not  much  more  than  one-tenth  the  number 
among  artificially  fed  infants.  Considering  separately  infants  aged 
from  6  to  9  months,  bearing  in  mind  the  fact  that  breast-fed  babe,s 
;it  this  age  must  have  been  breast-fed  from  birth,  he  finds  that  57 
per  cent  of  such  babes  were  entirely  and  an  additional  17  per  cent 
j)artly  breastrfed.  Not  one  of  the  deaths  at  the  age  in  question  oc- 
curred among  breast-fed  or  partially  breast-fed  children. 

I>y  a  similar  inciiiiry  the  results  obtained  at  Brighton  were  con- 
firmed in  the  borough  of  Finsbury,  liingland,  by  an  investigation  by 
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Sandilands  in  which  the  method  of  feeding  of  G95  infants  was  investi- 
gated. It  was  ascertained  that  of  139  infants  under  9  months  of  age 
dying  of  diarrhea  IG  per  cent  onlj'  were  breast  fed.  Of  the  survivors, 
69  per  cent  were  breast-fed. 

France  fm-nishes  facts  of  the  same  import.  In  1898,  when  diar- 
rhea made  man,y  victims  among  the  children  of  Paris,  it  was  estimated 
that  the  number  of  deaths  of  artificially  fed  infants  was  double  that 
of  the  breast  fed  at  all  times  during  the  year  and  that  in  August  it 
ran  up  to  8  times  that  of  the  breast  fed. 

Before  a  deputation,  in  1906,  of  the  Queensland  government  on  the 
subject  of  infant  life  protection.  Turner  reported  that  during  the 
summer  months  at  Brisbane,  Australia,  more  than  one-half  of  the 
bottle-fed  babes  die. 

INFANTILE  MORTALITY  A  CLASS  MORTALITY. 

Harrington  points  out  that  infantile  mortality  is  a  class  mortality, 
highast  as  a  rule  in  cities  and  towns  where  women  work  in  industrial 
establishments  and  put  their  children  early  to  the  bottle.  In  an  ar- 
ticle written  in  1906  he  gives  a  table  prepared  from  the  United  States 
census  in  which  mill  towns  in  New  England  are  shown  to  have  the 
greatest  infantile  mortality. 

Reid,  as  a  result  of  a  careful  inquiry  made  in  1906,  shows  that  the 
infantile  mortality  rates  are  in  great  excess  in  the  northern  artisan 
towns  of  Staffordshire,  England,  where  jiottery  is  the  chief  industry 
and  women,  both  nuirried  and  single,  are  engaged  in  factory  labor. 
This  excess  is  very  marked  where  a  comparison  is  made  with  the 
southern  towns  of  the  county  where  mining  and  iron-working  pre- 
vail, affording  practically  no  employment  for  women.  The  general 
conditions  which  operate  in  causing  a  high  infantile  mortality  pre- 
vail, it  is  pointed  out,  to  an  equal  extent  in  the  two  populations.  The 
differ(>nce  in  the  death  rate  among  infants  in  the  two  sections  is  at- 
tril)uted  to  the  nature  of  the  trades  as  affecting  the  employment  of 
women  away  from  luime,  with  the  consequent  effect  on  the  proportion 
of  breast-fed  and  bottle-fed  infants.  The  percentage  of  female  nuir- 
ried and  widowed  factory  workers  to  (he  whole  female  jjopulation  be- 
tween tlie  ages  of  IT)  and  50  years  was  studied  in  different  localities. 
In  f)  (owns  in  wliicli  (lie  |>ci-ccnlag('  of  such  women  so  employed  was 
12  or  more  the  infantile  mortality  was  198  per  1,000;  in  13  towns  in 
which  (he  percen(age  was  under  12  and  over  6  the  infanlilc  moT(ali(y 
was  l.")6,  and  in  8  towns  in  which  (he  ])erceii(age  was  luider  6  (he  in- 
fandle  niorlality  was  119. 

While  (he  relation  between  I'ac'tory  labor  for  women  and  the  deatJi 
I'ate  of  young  children  seems  well  established  for  Staffordshire  the 
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-latistics  of  1,000  towns  given  by  the  Kegistrar-General  of  England 
inr  1905  do  not  show  such  a  relation  throughout  P2ngland  to  be 
intimate. 

UNNECESSARY   HAND   FEEDING. 

Although  it  might  seem  useless  to  repeat  what  the  greatest  medical 
;nithorities  have  so  often  asserted  it  is  interesting  nevertheless  to  con- 
~i'\i-v  to  what  extent  hand-feeding,  with  its  melancholy  impress  on 
\  ii:il  statistics,  is  an  absolute  necessity.  Madame  Dluski,  in  a  thesis 
ili  livered  at  the  Baudelocque  Clinic.  Paris,  expresses  the  opinion  that 
iiiiiiing  100  healthy  women,  Mhen  the  necessai'v  conditions  of  alimenta- 
tion and  repose  are  present,  99  are  actually  able  to  nurse  their  off- 
spring. She  coiicludes  that  women,  almost  without  exception,  can 
nurse  their  babes;  that  four-fifths  of  mothers  can  do  so  from  the  be- 
ginning of  lactation;  that  nearly  all  can  do  so  after  a  longer  or 
shorter  time,  and  that  absolute  agalactia  does  not  exist.  Yet  despite 
all  efforts  to  promote  the  practice  of  breast-feeding  a  gi'eat  propor- 
tion oftinfants  are  uselessly  bottle  fed.  Indeed  the  practice  of  feed- 
ing infants  with  the  milk  of  animals  (goats  and  cows)  is  of  great 
antiquity — the  Greeks  and  Scythians  had  recourse  to  it — but  it  is  be- 
lieved to  be  greatly  increasing  in  inodern  times. 

SCIENTIFIC    ARTIFICIAL    FEEDING    AND    THE    MORTALITY    RATE. 

In  consequence  of  the  great  diffusion  of  the  practice  of  artificial 
feeding  for  infants  it  is  interesting  to  study  the  effect  on  morbidity 
and  mortality  statistics  of  a  scientifically  compounded  artificial  diet 
compared  with  a  diet  too  often  ignorantly  or  carelessly  prepared. 
The  statistics  of  the  pasteurization  of  milk  throw  nnich  light  on  the 
subject. 

THE  STRAUS  PASTEURIZED  MILK  DEPOTS. 

Pasteurized  milk  was  first  made  available  for  infants  in  general  in 
New  York  City  in  1893,  in  which  year  Nathan  Straus  dispensed 
34,400  bottles  of  milk  so  prepared  from  one  depot.  In  1S94  339,494 
bottles  were  issued,  in  1895  6G(),(!22,  and  in  189G  660,941.  In  1905 
2,668,397  bottles  were  dispensed  and  1,016,731  glasses  of  pasteurized 
milk  were  bought  at  the  booths  in  the  parks  of  Now  York  City.  In 
1906  17  Straus  stations  dispensed  3,142,252  bottles  of  pastenrized  milk 
and  1 ,078,405  glas.ses. 

Prior  to  the  beginning  of  this  work  the  death  rate  of  children  under 
5  years  in  New  York  City  was  over  96.2  out  of  every  1,000  and  in 
June,  July,  and  August  the  death  rate  of  children  was  at  tlu>  rate  of 
136.4  per  1,000  per  annum.  With  the  increased  use  of  pasteurized 
milk  the  deatli  rate  fell  to  55  per  1,000  in  1906,  and  the  snnuner  death 
rate  to  62.7  per  1,000. 

1 II  I-  liiili.  .-(;— 01)    — k; 
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These  figures,  year  by  year,  are  given  in  the  following  table,  com- 
piled from  the  official  statistics  of  the  New  York  Department  of 
Health : 

Popidation,  deaths,  and  death  rate  of  children  under  5  years. 


Year. 

Population. 

Deaths. 

Death 
rate  per 
1,000  per 

188,703 
194, 214 
199,885 
20.5,723 
212,983 

217,  on 

221,339 
225,804 
230,480 
235,585 
242,747 
260,153 
257,813 
265,738 
273,938 
282,423 

18,224 
18,684 
17,865 
17,558 
18,221 
16,907 

%.5 

96.2 

89.  S 

8.x  3 

8.5.5 

77.9 

1.5,395              69.6 

15,591 
14,391 
15,648 
14,809 
15,019 
14,402 
16,137 
15,287 
15,534 

69.1 

62.5 

66.4 

61.0 

60.0 

,53.3 

60.7 

.55.8 

55.0 

FOR  THE  MONTHS  OF  JUNE,  JULY,  AND  AUGUST. 


1S91. 

1892  . 

1893  . 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901  . 
1902. 
1903. 
1901  . 


188,703 

5,945 

191,214 

6,612 

199,886 

6,892 

205,723 

5,788 

212,983 

6,183 

217,071 

5,671 

221,339 

5,401 

225,804 

5,047 

230,480 

4,689 

235,585 

4,562 

242,747 

.       4,6-12 

250,153 

4,389 

257,813 

4,037 

265,738 

4,805 

273,938 

4,892 

282,423 

4, 426 

126.4 
136.1 
117.0 
112.6 
116. 1 
104.6 
97.6 
89.4 
81.4 
77.4 
76.5 


71.4 
62.7 


For  the  purpose  of  comparison,  the  figures  are  confined  to  the  orig- 
iniil  city  of  New  York — now  the  Boroughs  of  Manhattan  and  the 
I»r(in.\. 

At  the  rate  of  moitality  of  1892.  (here  would  have  been  27,169 
deaths  of  children  under  5  years  in  1906,  instead  of  15,534.  Thus  the 
apjiarent  saving  in  one  year  was  11,635  lives,  or  42.82  \wr  cent.  At 
(he  sununer  mortality  rate  of  1892,  death  would  iiave  claimed  9,743 
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.  i.tims  in  June,  July,  and  August,  1906,  instead  of  4,426.  Thus  the 
ippurcnt  saving  of  lives  in  three  months  was  5,317,  or  54.57  per  cent. 
It  must  not  be  overlooked  that  in  New  York  City,  coincidently 
ivith  the  introduction  of  pasteurized  milk,  other  agencies  became 
>])fra(ive,  as  for  example  general  milk  inspection  by  the  local  health 
iiithorities,  the  use  of  diphtheria  antitoxin,  the  cami^aign  of  fresh 
Mv  for  children,  improved  tenement  houses,  cleaner  streets,  more 
[nirks  and  playgi'ounds,  recreation  piers,  and  otlier  factors  accom- 
ji.inying  the  enlightenment  in  hygiene  so  widely  spread  in  recent 
wars,  not  only  in  New  York  City,  but  throughout  the  whole  country. 

STATISTICS    OF    RANDALL'S    ISLAND. 

WTien  the  infants  in  the  care  of  the  city  of  New  York  were  fed  on 
milk  from  a  carefully  selected  herd  pastured  on  the  island,  the  death 
rate  was  as  follows: 


1,216 
1,212 
1,181 


42. 02 
39.11 
44.36 


A  pasteurizing  plant  was  installed  in  the  early  part  of  1898. 
other  change  in  diet  or  hygiene  was  made. 


No 


1898 

1899 

1900 

1901 

1902 

1903 

1904 

Tot  Hi 


19.80 
21. 52 
27.68 
18. 09 
22.  07 


Had  the  ratio  of  deaths  for  the  three  years,  1895,  1896,  and  1897, 
been  maintained  in  the  seven  years  from  1898  to  1904,  the  total  infant 
mortality  would  iiave  been  2,592,  instead  of  1,349,  a  difference  of  1,243. 

STATISTICS   OF   MILK   CHARITIES   ABROAD. 

Writing  (if  inrnulilc  nidrtality  and  tlic  suitply  of  hmiianized  steril- 
i/.cd  milk,  Hope  states  tiiiit  at  the  Livei-pool  infant  milk  (k'pots  for 
three  years  ending  with  the  year  1903,  among  4,453  infants  provided 
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with  the  depot  milk  the  mortality  rate  was  78  per  1,000,  compared 
with  the  following  infantile  mortality  rate  in  the  city  of  Liverpool: 


Year. 

Infantile 
mortality. 

1901 

188 
163 
152 

1902 

1903 

Average . . . 

167.6 

Harris  has  prepared  the  following  comparative  table  showing  re- 
sults of  the  St.  Helens  depot  in  the  town  of  St.  Helens,  England  : 


Year. 

Number  of 
children 
on  the 
books. 

Death  rate 
per  1,000 

among 
children  at 

depot. 

Infantile 
death  rate, 
borough  of 
St.  Helens. 

1899 

232 
332 
282 
200 

103 
102 
106 

82 

157 

1900 

188 

,1901                                                  .                            

175 

Lederer  states  that  as  a  result  of  the  system  of  pasteurization  in 
practice  in  Vienna  for  the  past  seven  years  the  proportion  between 
the  mortality  rates  for  breast-fed  and  bottle-fed  children  which  for- 
merly was  1  to  20  is  in  latter  years  between  1  to  5  and  1  to  8.  It  is 
observed  that  in  Vienna  the  improvement  in  artificial  diet  reduces  the 
mortality  in  the  second  year  of  life  also. 

Ill  France  there  are  two  types  of  organizations,  the  Consultation  de 
Lait  and  the  Goutte  de  Lait,  having  for  their  object  the  encourage- 
ment of  breast  feeding  wherever  possible  and  a  supply  of  properly 
prepared  milk  to  those  infants  for  whom  breast  feeding  is  impractica- 
ble. At  the  Coniniltation  de  Nourlssons  of  the  Clinique  Tarnier, 
Paris,  the  annual  mortality  rate  during  a  period  of  about  six  years 
among  712  children  who  attended  the  C onsultation  from  birth  for  an 
average  period  of  nine  and  one-half  months  was  46  jjer  1,000.  Ref- 
erence for  comparative  purposes  to  the  death  returns  of  Paris  during 
the  years  1898,  1899,  and  1900,  shows  that  there  was  a  mortality  of 
178  per  1,000  among  infants  under  1  year  of  age. 

MILK  AS  A  DIET  FOB  THE  SICK. 

The  influence  of  impure  milk  on  the  duration  of  sickness  and  on 
the  death  rate  when  milk  is  employed  as  an  invalid  diet  is  difficult 
to  demoastrate  statistically.  For  the  sick,  milk — usually  uncooked 
milk — is  often  a  principal  or  an  exclusive  article  of  diet.  Consider- 
ing the  increased  susceptibility  of  feeble  and  aged  persons  to  infection 
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<i!k1  the  diminished  resistance  oii'ered  by  the  sick,  there  can  be  no  doubt 
Uiat  contamination  of  millv  is  a  factor  that  pLays  a  part  in  keeping  up 
tlic  rate  of  sickness  and  death. 

MILK  AND  TUBERCULOSIS. 

The  report  of  the  United  States  Census  Oflice  on  mortality  for  the 
year  1905  shows  that  deaths  from  all  causes  in  the  registration  area 
wi've.  in  the  proportion  of  1,016  per  100,000.  Tuberculosis  in  all  its 
i'lirms  caused  193.6  deaths  per  100,000.  Applying  the  same  rate 
iliroKghout  the  United  States,  it  may  he  justly  estim,ated  that  tuher- 
I  iilosis  causes  over  160,000  deaths  a  year  in.  the  United  States. 

At  the  International  Congress  on  Tuberculosis  held  in  London  in 
I'.MIl,  Koch  made  the  announcement  that  bovine  tuberculosis  is  trans- 
missible to  the  human  subject  to  only  a  slight  extent  if  at  all.  The 
iliiubt  thus  cast  on  the  relation  between  cow's  milk  and  tuberculosis 
liMs  to  a  great  extent  disappeared  on  further  investigation  made  by  a 
I  Hist  of  oljservers,  most  prominent  among  whom  is  von  Behring,  who 
(  laims  that  milk  fed  to  infants  is  the  chief  cause  of  tuberculosis  in 
man. 

Schroeder  and  Cotton  in  a  recent  bulletin  of  the  Bureau  of  Animal 
Industry  conclude  that  the  assertion  that  tuberculosis  is  a  negligible 
quantity  in  the  measures  that  nuist  be  taken  for  the  preservation  of 
human  health  is  without  basis  and  that  there  is  no  more  active  agent 
than  the  tuberculous  cow  for  the  increase  of  tuberculosis  among  ani- 
mals and  its  persistence  among  men. 

The  rarity  of  primary  intestinal  tuberculosis,  on  which  subject 
there  is  a  discrepancy  of  statistics,  is  not  in  favor  of  the  theory  of 
infection  by  ingestion.  It  has  been,  however,  repeatedly  proved  that 
tubercle  bacilli  may  pass  through  a  mucous  membrane  without  leav- 
ing traces  at  the  point  of  entrance.  Again  it  has  been  demonstrated 
by  comijetent  observers  that  tubercular  infection  may  take  place 
through  the  tonsils.  Latham  estimates  that  not  less  than  25  to  30  per 
cent  of  the  cases  of  tiilierculosis  which  occur  in  early  childhood  are 
due  to  intestinal,  and  therefore  presumably  to  food,  infection.  Of 
deaths  in  1905  from  all  forms  of  tuberculosis  in  the  registration  area 
of  the  United  States,  about  1  in  39  was  among  infants  under  1  year 
and  1  in  about  14  among  children  under  5  years  of  age. 

Ravenel  writing  in  1898  says : 

In  northern  Norway,  Sweden,  l-aplanfl  and  Finland  wliere  reindeer  con- 
tribute the  bullc  of  farm  auiiuals,  or  about  Hudson  Bay  and  the  islands  of  the 
I'acltic,  where  there  are  only  a  few  cattle,  tuberculosis  is  far  less  jirevalent  in 
man.  In  Al(;iers  the  cattle  are  few  and  live  for  the  most  part  in  the  open  air 
and  away  from  cities  and  it  is  found  that  tuberculosis  does  not  increase  among 
the  natives.  In  Italy,  on  the  other  hand,  where  cattle  are  housed,  rerroncito 
states  tliat  tuberculosis  has  become  tlie  scourge  of  man  and  beast. 
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KegarJing  the  conveyance  of  tuberculosis  in  the  colder  cou)itries. 
Cobb  points  out  that  an  absence  of  tuberculosis  does  not  necessarily 
follow  the  absence  of  milk  from  the  dietary.  He  shows  o)i  triisl- 
worthy  evidence  that  the  Alaskan  Indian,  including  the  Esciuimo  ami 
Aleut,  is  the  victim  of  consumption  of  the  lungs  to  a  great  and  in- 
creasing extent,  though  these  people  do  not  use  to  any  extent  milk  of 
any  kind  as  an  article  of  diet,  and  cow's  milk  not  at  all.  Of  interu>l 
in  this  connection  is  the  report  made  in  190G  by  the  medical  officii- 
of  health  of  the  city  of  London  showing  that  at  least  8  per  cent  of  tin' 
milk  sold  within  the  city  limits  of  London  is  derived  from  animnl- 
aifected  with  tuberculosis,  and  that  of  500  cows  examined  after 
slaughter  by  the  city  veterinarian  evidence  of  tuberculosis  was  fouml 

in  4C.8  per  cent. 

EPIDEMICS   CAUSED  BY   MILK. 

In  epidemics  caused  bj^  milk  (typhoid  fever,  scarlet  fever,  diph- 
theria, etc.),  the  mortality  of  the  disease  does  not  appear  to  differ 
from  that  of  the  same  disease  otherwise  conveyed.  The  effect  of  milk 
epidemics  on  morbidity  and  mortality  returns  may  be  surmised  by 
the  frequency  with  whicli  ej^idemics  of  such  a  character  occur. 

MILK  AND  TYPHOID  FEVER. 
Raudnitz,  <if  Prague,  states  that  one-fourth  of  the  epidemics  of 
typhoid  fever  in  Austria  are  traceable  to  contaminated  milk,  and  Mc- 
Crae  records  that  an  inquiry  into  the  causation  of  G38  epidemics  of 
typhoid  fever  showed  that  in  17  per  cent  the  infection  was  conveyed 
by  milk.  The  bearing  of  this  observation  on  the  general  sick  and 
death  rate  is  obvious  when  it  is  considered  that  the  mortality  in  ty- 
phoid fever,  though  often  as  low  as  5  per  cent  in  private  practice, 
sometimes  reaches  20  per  cent.  Typhoid  fever  causes  more  deaths 
than  any  of  the  other  epidemic  diseases.  The  United  States  census 
reports  show  that  in  11)05  there  were  28.1  deaths  from  typhoid  fever 
per  100,000  population.  The  death  rate  from  typhoid  fever  was 
smaller  in  1905  than  in  any  of  the  five  preceding  years.  The  annual 
average  for  the  registration  area  of  the  United  States,  1900  to  1904 
inclusive,  was  higher  than  thai  foi-  any  of  the  countries  given  in  the 
following  table  except  Italy: 

Deaths  from  typhoid  fever  per  100,000  of  population. 


Country. 


Aniiuul 

average, 

1900  to  1904. 


Country. 


Annual 
average, 
1900  to  1904. 


Registration  area  of  United  SUiXes 

England  and  Wales 

Scolland 

Ireland 

Oermuny 

Norway 


33.7 

12.7 
14.2 


Sweden 

Hungary 

IJelgiuni 

Switzerland 
Italy 


12.2 
28.3 
20.2 
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SCARLET  FEVER  AND  DIPHTHERIA. 

Tlie  number  of  epidemics  of  scarlet  fever  and  diphtheria  where  the 
infection  was  conveyed  by  milk  show  unmistakably  that  the  effect  on 
inorbidit}'  and  mortality  rates  thus  brought  about  b}'  milk  must  be 
considerable.  AVhile  the  death  rate  is  low  among  patients  of  the 
better  classes,  in  hospitals  and  among  the  poor  it  ranges  fi'om  5  to  30 
per  cent,  a  marked  variability  of  the  death  rate  in  different  epidemics 
being  a  characteristic  of  scarlet  fever.  The  general  mortality  of 
scarlet  fever  is  shown  by  the  following  table: 

Xuitihcr  of  deaths  from  scarlet  ferer  per  100,000  population. 


Anuual 
average, 
1900  to  1904. 


Registration  area  of  United  State: 

England  and  Wales 

Scotland 

Ireland 

Germany 

Norway 

Sweden 


Hungary 

The  Netherlands 

Belgium 

Switzerland 

Spain 

Italy 


Diphtheria  and  croup  caused  an  annual  average  of  33.G  deaths  per 
100,000  in  the  registration  area  of  the  United  States,  1900  to  1904. 
Among  the  means  of  transmission  of  diphtheria  infected  milk  is  a 
well-recognized  medium. 


DISEASES  OF  CATTLE. 

Numerous  other  diseases  in  the  transmission  of  which  milk  is  a 
factor  exert  an  effect  on  vital  statistics.  Milk  sickness,  a  disease 
related  to  the  affection  in  cattle  known  as  the  trembles,  still  occurs 
in  certain  parts  of  the  United  States.  It  is  transmitted  by  milk  and 
milk  products  as  well  as  the  flesh  of  diseased  animals.  In  some  of 
the  Western  States  in  early  days  it  was  a  prominent  disease  and 
killed  many  of  its  victims. 

Foot  and  month  disease  in  the  cow  has  been  frequently  transmitted 
to  human  l)eiiigs  by  the  use  of  milk  and  milk  derivatives.  In  one 
epidemic  thus  brought  about  the  death  rate  was  8  per  cent. 

ASIATIC   CHOLERA. 

Milk  is  not  infrequently  a  means  of  communicating  Asiatic  cholera. 
The  evil  efficacy  of  milk  thus  infected  in  its  influence  on  morbidity 
and  mortality  statistics  can  be  readily  conjectured,  when  the  desola- 
ting death  record  of  cholera  is  reviewed  and  the  almost  universal  use 
of  milk  considered. 
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ICE  CREAM. 


By  Harvey  W.  Wilf.v,  M.  D.,  Ph.  D., 

Cliirf  (if  Burcnu  <if  Cliemistry.   Depart iii cut  'if  Afiriculture. 


The  use  of  artificinUy  frozen  dishes  as  an  article  of  diet  is  not  of 
very  ancient  orijjin.  It  is  not  the  pnrpose  of  this  paper  to  discnss 
the  ph3'siological  and  dietetic  effects  of  introducing  ice-cold  foods  into 
the  stomach.  There  are  grave  objections  to  the  practice  which  will 
occur  to  every  physiologist  and  hygienist.  Briefly  I  may  state  that 
the  proce-ss  of  digestion  in  the  stomach  depends  ujaoii  the  free  excre- 
tion of  the  peptic  ferments  by  the  glands  of  the  inner  coats  of  the 
stomach.  The  introduction  of  large  quantities  of  ice-cold  material 
can  not  fail  to  contract  the  orifices  of  these  glands  and  check  their 
excretory  activity. 

Aside  from  this,  however,  the  question  of  ice  cream  is  one  of  grave 
importance  in  connection  with  the  dairy  supplies  of  the  country, 
and  particularly  so  because  under  the  name  of  ice  cream  are  found 
upon  the  markets  products  of  the  widest  variation  in  composition, 
varying  from  the  true  ice  cream  to  the  true  frozen  pudding. 

It  is  necessary,  therefore,  in  the  discussion  of  the  matter,  if  possi- 
ble, to  ascertain  first,  what  ice"  cream  is  or  should  be,  and  second,  to 
study  the  materials  from  which  it  is  made  with  a  view  to  determining 
llieir  sanitary  character,  and  finally  to  determine  the  composition  of 
tlie  article  itself  as  it  is  offered  to  the  market.  Incitlentally  there- 
fore file  dairy  wiiich  furnishes  the  milk  and  the  milk  which  furnishes 
(he  cream  are  subjects  of  inquiry.  These  two  subjects,  however,  have 
l)een  carefully  gone  over  in  other  papers  of  this  series  and  hence  any 
reference  to  them  will  lie  merely  of  an  incidental  character  as  illus- 
trating some  point  in  connection  with  the  particvdar  subject  at  hand. 

The  term  "  ice  cream  "  is  used  in  this  country  to  cover  a  large 
variety  of  products,  which  in  Europe  are  known  under  the  general 
term  of  "  ices."  The  Neapolitan  ices  are  said  to  be  a  type  of  the 
European  dishes.  This  type  of  ices  is  found  in  most  of  the  cities  of 
lMiro])e,  served  often  in  very  attractive  packages  with  various  adorn- 
ments or  used  directly  without  molding  upon  the  table.  The  art  of 
representing  dillerent  kinds  of  fruits  and  flowers,  animals,  and  other 
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objects  is  also  said  to  be  of  distinct  European  origin,  although  copied 
very  largely'  in  this  country.  For  this  reason  there  may  be  seen  in 
both  countries  frozen  products  representing  fruits  of  every  descrip- 
tion and  usually  coloi'ed  and  flavored  to  imitate  the  fruits  which  they 
rejaresent.  Strawberries,  apples,  pears,  lemons,  oranges,  pineapples, 
peaches,  apricots,  bananas,  grapes,  and  nearlj'  all  other  fruits  are  thus 
represented.  Various  figures  of  statuary,  or  public  buildings,  or  ob- 
jects of  art  are  also  imitated  in  the  form  of  frozen  packages  of  this 
description.  Even  when  milk  or  cream  is  used  in  the  composition  of 
these  frozen  dainties  in  Europe  it  is  not  the  custom  to  call  them  ice 
cream.  The  Italian  general  name  for  these  dishes  is  "  sorbetto,"  the 
German  is  "  Gefroi'enes,"  the  French  "  glace,"  and  the  English  "  ice." 
With  the  exception  of  the  frozen  dish  called  "  sherbet,"  practically 
all  the  forms  known  in  Europe  under  the  names  given  are  called,  or 
have  been  called  until  recently  in  this  counti-y,  "  ice  cream." 
■  In  the  discussion  of  this  problem  I  shall  first  offer  the  investigations 
made  under  the  auspices  of  the  committee  appointed  by  the  District 
Commissioners  to  advise  them  in  regard  to  the  dairy  products  on 
sale  in  the  District,  including  a  study  of  the  raw  material  from  which 
ice  cream  is  made  and  of  the  ice  creams  themselves.  These  studies 
have  been  conducted  both  from  the  chemical  and  bacteriological  points 
of  view. 

I  will  afterwards  give  a  brief  iiistorical  sketch  of  the  use  of  the 
term  ice  cream  and  the  compounds  to  which  it  has  been  applied. 

Next  will  be  presented  certain  data  respecting  a  proper  standard 
for  ice  cream,  a  standard  adopted  by  the  United  States  Department 
of  Agriculture  under  authority  of  an  act  of  Congres.s,  and  the  criti- 
cisms of  this  standard  made  by  manufacturers  and  dealers  in  ice 
cream. 

In  this  way  it  is  believed  that  the  whole  subject  may  be  presented 
in  such  form  as  to  be  useful  not  only  to  the  Commissioners  of  the 
District  in  any  work  which  they  may  inaugurate  respecting  the  con- 
trol of  ice  cream,  but  also  to  the  people  of  the  District  and  the  people 
of  the  country  in  general. 

It  is  not  deemed  advisable  to  go  into  minute  details  respecting  th(> 
bacteriological  and  chemical  investigations.  I  will  content  myself 
therefore  with  presenting  the  tables  of  analytical  data  and  with  giv- 
ing a  summary  of  the  chemical  and  bacteriological  investigations. 

SUMMARY  OF  CHEMICAL  DATA  RELATING  TO   CREAM. 

The  samples  of  cream  which  were  purchased  in  the  open  market 
covered  a  period  extending  from  January  30,  1907,  to  June  12,  1!)07, 
inclusive.     (See  Table  III,  page  300.) 

For  the  purpose  of  this  investigation  the  analytical  data  reported 
referred  only  to  the  percentage  of  fat  in  the  cream  and  to  its  artificial 
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coloring.  The  analyses  were  made  in  the  dairy  laboratory  by  and 
under  the  supervision  of  Mr.  G.  E.  Patrick. 

The  total  luiniber  of  samples  examined  is  132,  including  one  double 
cream  excluded  from  the  averages.  The  average  percentage  of  fat 
(herein  is  19.09. 

By  act  of  Congress  the  legal  standard  of  fat  in  cream  for  the 
District  of  Columbia  is  20  per  cent.  The  number  of  samples  at  or 
above  20  per  cent  is  44,  or  33.58  per  cent.  The  number  of  samples 
lielow  20  per  cent  of  fat  is  87,  or  66.41  per  cent. 

These  data  show  that  only  one-third  of  the  samples  of  cream  pur- 
chased complied  with  the  legal  standard  for  the  District.  The 
standard  for  fat  in  cream,  established  by  the  Secretary  of  Agriculture 
under  authority  of  Congress  for  the  country  at  large  in  so  far  as 
interstate  commerce  is  concerned  is  18  per  cent.  The  number  of 
samples  examined  which  are  found  at  or  above  18  per  cent  is  82, 
equivalent  to  62.60  per  cent  of  the  total  number.  The  number  of 
samples  below  18  per  cent  is  49,  or  37.4  per  cent  of  the  whole  number. 

The  data  show  that  as  sold  upon  the  markets  of  Washington  during 
the  time  mentioned  almost  two-thirds  of  the  commercial  creams  com- 
plied with  the  national  standard.  The  total  number  of  samples  of 
the  above  lot  which  are  found  to  contain  more  than  25  per  cent  of  fat 
is  6 :  the  number  of  samples  containing  less  than  16  per  cent  is  24  ;  the 
number  of  samples  containing  less  than  14  per  cent  is  6,  and  the  num- 
ber containing  less  than  13  per  cent  is  3,  all  of  which  are  from  the 
same  dairy.  These  data  show  that  the  requirement  of  18  per  cent  of 
fat,  judged  by  the  ordinary  commercial  data,  is  entirely  just  and  sat- 
isfactory. Hence  it  follows  that  ice  cream  made  from  standard  cream 
will  easily  contain  14  per  cent  or  more  of  butter  fat  for  the  vanilla 
type  of  ice  cream,  and  12  or  more  per  cent  for  the  fruit  type  of  ice 
cream,  thus  showing  that  the  standards  established  are  reasonable 
and  just  from  the  commercial  conditions  which  actually  exist.  Of 
the  total  number  of  samples  examined  15,  equivalent  to  11.45  per  cent, 
are  foinid  to  be  artificially  colored,  thus  showing  that  the  artificial 
{•oloring  of  cream  is  not  practiced  to  any  great  extent,  and  its  entire 
|)r()inl)ition  would  not  in  any  way  distui-b  (lie  existing  conditions  of 
trade. 

SUMMARY  OF  THE  CHEMICAL  DATA  RELATING  TO  ICE  CREAM. 

The  chemical  analyses  of  the  ice  creams  were  made  in  the  dairy 
iaboi'atory  of  the  Bureau  of  Chemistry  by  and  under  the  supervision 
of  Mr.  ('..  !•:.  Patrick,  chief  of  that"  laboratory.  (See  Table  IV, 
l)ag.";'.0:',.) 

Por  the  purpose  of  this  report  only  the  fat  content  of  the  various 
samples  of  ice  cream,  the  presence  of  gelatin,  vegetable  thickeners,  and 
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coal-tar  dyes  are  reported.  The  summary  of  the  chemical  data  show 
the  total  number  of  samples  analyzed  to  be  228.  Judged  by  the  stand- 
ard of  14  per  cent  for  the  ice  creams  of  the  vanilla  type  and  12  per 
cent  of  fat  for  the  ice  creams  of  the  fruit  type,  it  is  found  that  there 
are  at  or  above  standard  117  samples,  or  51.32  per  cent,  and  below 
standard  111  samples,  or  48.68  per  cent.  The  average  percentage  of 
fat  in  the  entire  228  samples  is  12. G7.  Only  46,  or  20.18  per  cent  of 
the  whole  number  of  samples,  contain  less  than  10  per  cent  of  fat,  and 
only  25,  or  10.97  per  cent,  contain  less  than  8  per  cent. 

The  total  number  of  samples  containing  a  thickener  was  80,  or  35.18 
per  cent.  In  33  samples,  or  14.47  per  cent,  the  thickener  is  gelatin, 
while  in  47  samples,  or  20.61  per  cent,  the  thickener  is  a  vegetable  gum 
or  starch.    Only  2  samples  are  found  to  contain  coal-tar  dye. 

These  samples  were  purchased  at  random  from  all  the  principal  ice 
cream  makers  in  Washington,  over  a  period  extending  from  about 
April  1  to  August  1,  1907. 

The  data  are  most  interesting  in  view  of  the  contention  that  the 
standard  suggested  for  butter  fat  is  too  high,  and  especially  in  view 
of  the  fact  that  8  per  cent  has  been  suggested  by  many  as  a  proper 
standard.  The  chemical  examination  shows  how  devoid  of  commer- 
cial significance  are  both  of  the  claims  mentioned.  Another  interest- 
ing fact  is  that  the  percentage  of  samples  containing  gelatin  is 
extremely  small.  This  is  of  great  significance  as  being  a  most 
emphatic  negative  answer  to  the  contention  that  gelatin  is  necessary 
to  the  manufacture  of  ice  cream,  or  is  generally  employed.  The 
chemical  data  on  the  whole  give  no  support  to  the  contention  that  the 
suggested  standard  for  ice  cream  is  unfair.  The  absence  of  eggs, 
gelatin,  starch,  and  other  substances,  which  it  has  been  said  are  com- 
monly used  in  the  manufacture  of  ice  cream,  from  the  great  majority 
of  the  samples  is  another  point  of  great  significance.  In  fact,  the  data 
show  most  conclusivel}'  that  the  term  ice  cream,  even  from  a  commer- 
cial point  of  view,  is  applied  to  a  substance  containing  more  than  14 
per  cent  of  fat  in  more  than  51  per  cent  of  all  the  samples  examined. 
It  is,  therefore,  commercially  as  well  as  scientifically  and  hygienically, 
a  term  which  should  l)e  applied  to  a  substance  of  standard  composi- 
tion and  that  standai-d,  in  so  far  as  \A'ashiMgton  is  concerned,  could 
be  reached  with  but  lillle  variation  from  the  usual  methods  of  pro- 
ducing ice  cream.  AMial  is  true  of  Washington  certainly  should  be 
true  of  other  cities,  since  there  is  no  indication  that  the  quality  of  the 
creams  made  in  Washington  is  any  better  than  thai  of  other  cities. 

The  oidy  conclusion  which  can  be  derived  from  the  study  of  these 
chemical  data  is  that  (he  term  ice  cream  should  ap])ly  generally,  as 
it  does  in  the  nuij(jrity  of  cases  at  the  present  time  as  indicated  by 
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the  results  of  these  investigations,  to  a  product  made  principally  of 
cream  and  sugar,  and  with  a  natural  flavor,  either  of  an  ordinary 
flavoring  substance  like  vanilla  or  of  fruit.  Hence  thei'e  appears  to  be 
no  reason  for  departing  from  the  established  standard,  in  vie\v  of  the 
data  which  have  been  secured  by  an  examination  of  the  commercial 
samples  bought  in  the  open  market  from  all  portions  of  the  city. 

BACTERIOLOGICAL   INVESTIGATIONS  OF  ICE  CREAM   IN  THE  DIS- 
TRICT OF  COLUMBIA. 

[Made  by  or  uuder  the  direction  of  Dry  George  W.  Stiles,  and  by  or  under  tlie  direction  o( 
Dr.    M.    E.    Pennington.] 

In  most  instances  the  samples  of  ice  cream  received  for  examination 
were  collected  directly  from  the  original  place  of  manufacture.  In  a 
few  cases,  however,  miscellaneous  samples  were  taken  at  places  other 
than  those  at  which  the  product  was  prepared.  Generally  half  a 
pint  or  a  10-cent  box  furnished  a  sufficient  quantity  to  make  the 
chemical,  microscopical,  and  bacteriological  examinations.  The  10- 
cent  box,  to  which  reference  is  made,  was  the  pasteboard  carton 
almost  universally  used  as  a  container  for  ice  cream  when  sold  in 
small  quantities,  and  for  this  reason  it  was  much  preferred  as  a 
carrier  of  the  samples  to  be  investigated.  A^Hien  these  cartons  were 
not  available  well-cleansed  bottles  or  new  paper  boxes  were  used 
instead. 

Upon  arriving  at  the  laboratory,  samples  for  bacteriological  ex- 
amination were  renioved  at  once  from  the  frozen  interior  by  means  of 
sterile  spoons  and  jDlaced  in  sterile  dishes  to  melt.  Generally  within 
eight  to  ten  minutes  a  sufficient  liquefaction  had  occurred  to  enable 
the  experimenter  to  remove  enough  material  to  make  the  bacteriolog- 
ical examination. 

The  enormous  number  of  organisms  which  are  found  in  cream, 
milk,  and  ice  cream,  necessitates  high  dilutions  to  make  possible  the 
quantitative  determination  of  the  organisms  present.  For  the  mak- 
ing of  these,  and  the  counting  of  the  colonies  which  develoj)ed,  the 
teclinique  pursued  may  be  stated  briefly  as  follows:  The  (piantities 
were  measured  in  1  cubic  centimeter  i)ipett,es,  graduated  in  0.01 
of  a  cnl)ic  centimeter,  and  10  cubic  centimeter  pipettes  graduated 
in  0.1  of  a  cubic  centimeter.  They  were  sterilized  by  heat  and  kept 
in  bacteria-proof  metal  cases. 

Ill  Older  to  make  the  necessary  dilutions  Erlenmeyer  flasks  of  about 
fiOO  ciiliii-  (ciitiiiiefers  and  100  cubic  centimeters  capainty,  respectively, 
were  used.  'I'u  tlie  I'driiier  were  added  99  caibic  centimeters  of  sterile 
water  and  to  tlie  latter  '.'  eiibic  centimeters.  To  (h(>  flask  containing 
99  cubic  centimeters  Iheri'  was  abided  1  cubic  centimeter  of  the  sample 
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to  be  examined,  thus  making  a  dilution  of  1  to  100.  From  it  1  cubic 
centimeter  was  removed  and  atlded  to  the  second  flaslv  containing  9 
cubic  centimeters,  malving  a  second  dihition  of  1  to  1,000.  By  a  con- 
tinuance of  this  metliod,  namely,  the  removal  of  1  cubic  centimeter 
and  its  addition  to  the  fresh  flask  containing  9  cubic  centimeters  of 
pure  water,  the  dilutions  may  be  run  as  high  as  desired.  For  the 
routine  of  this  work  dilutions  of  1  to  1,000;  1  to  10,000;  1  to  100,000, 
and  1  to  1,000,000,  were  adopted. 

The  sowing  of  the  organisms  on  the  nutrient  jelly  was  made  by  the 
removal  of  1  cubic  centimeter  from  the  flask  containing  the  desired 
dilution  and  its  transference  to  a  sterile  petri  plate,  into  which  was 
immediately  jjoured  the  melted  medium  and  the  organisms  evenly 
distributed  by  shaking  with  a  rotary  motion.  Duplicate  plates  were 
made  in  all  cases  and  2  per  cent  lactose  agar  was  selected  as  the 
nutrient  medium  affording  most  satisfactory  results.  All  the  plates 
for  this  investigation  were  gi'own  at  a  temperature  of  30°  C.  for  a 
period  of  three  days,  after  which  the  colonies  when  numerous  were 
counted  by  means  of  a  Stewart  counting  chamber  or  when  but  few 
hy  the  naked  eye  alone. 

The  presence  of  gas-producing  organisms  was  determined  in  thi^ 
investigation  by  adding  1  cubic  centimeter  of  the  1  to  100  dilution  to 
sterilized  2  per  cent  dextrose  fermentation  tubes  and  incubating  at 
30°  C.  for  three  days.  '\^lien  gas  formation  took  place  the  quantity 
was  estimated  by  the  rided  scale  method,  as  described  by  Frost  in  his 
Laboratory  Manual. 

An  endeavor  was  made  to  determine  S3'stematically  the  presence 
and  ajoproximate  number  of  streptococci  in  each  sample  of  ice  cream, 
cream  and  milk,  which  has  been  examined  recently  by  this  Depart- 
ment. For  this  jiurpose  15  cubic  centimeters  were  centrifugaiized 
with  an  el(>ctric  centrifuge  for  a  period  of  fifteen  to  twenty  minutes, 
and  from  (he  sediment  were  made  several  smears  which  were  stained 
with  methylene  blue.  Such  a  procedure  yielded  results  with  nulk  and 
cream  alone,  but  when  in  the  form  of  ice  cream,  especially  those  witii 
fruit  or  chocolate  flavors,  the  debris  seemed  (o  interfere  to  such  an 
extent  that  satisfactory  results  were  not  always  obtained.  AVith  the 
\anilla  flavors  the  results  were  better,  but  even  in  such  cases  they  were 
exceedingly  rough.  Hence  there  ai-e  a  number  of  blanks  in  the  tables 
and  sunnnaries  of  this  work  dealing  with  the  presence  in  ice  cream  of 
stre])lococci,  and  the  determination  of  (he  number  of  leucocytes  per 
cul)ic  centimeter  in  ice  cream  was  made  in  l)ut  a  few  cases. 

Between  October  13,  190G.  and  .July  2!).  IDO".  2(i3  samples  of  ice 
cream,  collected  in  the  City  of  Washington,  were  in\estigated  as  above 
outlined.    That  the  bacterial  flora  in  the  majority  of  these  ice  creams 
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was  numerically  enorniousi  may  be  gleaned  from  the  following  sum- 
mary: 

Samples  showiug — 

Less  than  10,000  organisms  iier  cubic  centimeter 0 

From  10.000  to  50,000  organisms  per  cubic  centimeter 0 

From  50,000  to  100,000  organisms  per  cubic  centimeter 0 

From  100,000  to  250,000  organisms  per  cubic  centimeter 2 

From  i!.")0,iiO0  to  500,000  organisms  per  cubic  centimeter 3 

From  500,000  to  1,000,000  organisms  per  cubic  centimeter 14 

From  1,000,000  to  2,000,000  organisms  per  cubic  centimeter 23 

From  2,000,000  to  5.000.000  organisms  per  cubic  centimeter 34 

From  .5,000,000  to  lO.OOii.OOO  orgaiilsnis  per  cubic  centimeter 50 

From  lO.OdO.OOO  to  J.'.di " i.( m ii p  rii--:niisuis  per  cubic  centimeter 64 

From  lin.OOd.OOO  to  50,000.000  organisms  per  cubic  centimeter 42 

From  51  I.I  MK  1.000  to  100,000,000  organisms  per  cubic  centimeter ^ 15 

Above  10(».0(XXOOO  organisms  per  cubic  centimeter 16 

A  study  of  the  individual  results  from  which  the  above  summary 
was  made  shows  that  the  average  number  of  organisms  per  cubic  cen- 
timeter is  26,612,371.  The  maximum  count  obtained  was  36.5.000.000, 
the  minimum  137,500  per  cubic  centimeter.  Of  the  total  number  of 
samples,  71.1  per  cent  showed  the  presence  of  gas-producing  organ- 
isms when  2  per  cent  dextrose  fermentation  tubes  were  inoculated 
with  0.01  cubic  centimeter  of  the  sample. 

Keports  on  the  presence  or  absence  of  streptococci  have  been  made 
on  115  of  the  above  samples;  38.3  jier  cent  of  this  number  showed  the 
presence  of  the  organism,  and  61.7  jaer  cent  of  the  samples  examined 
failed  to  show  it  when  tested  by  the  method  above  described. 

During  the  course  of  this  investigation  53  manufactories  of  ice 
cream  in  Washington,  large  and  small,  have  been  visited  in  order  to 
determine  the  sanitary  conditions  prevailing  where  this  food  product 
is  manufactured.  In  G2.2  per  cent  of  these  places  the  ice  cream  is 
made  in  the  basement  or  cellar.  In  nearly  all  cases  they  are  improp- 
erly constructed  to  meet  the  demand  of  sanitary  conditions.  The  ceil- 
ings are  low  and  generally  show  a  gross  collection  of  filth  and  cob- 
wel)s  on  the  rough  joints  overhead.  Occasionally  a  cellar  is  finished 
with  a  metal  ceiling  or  plaster,  but  even  when  such  improvements  are 
noticed  the  alwence  of  natural  proper  light  or  ventilation  generally 
makes  the  cellar  basement  in  Washington  an  unfit  place  for  the  man- 
ufacture or  preparation  of  ice  cream.  Many  of  the  buildings  are  of 
old-time  construction  and  were  not  originally  designed  for  the  pres- 
ent-day pur))oses.  With  such  construction  as  they  .show  it  is  practi- 
cally impf)ssible  to  keep  the  average  basement  or  cellar  in  a  proper 
and  fit  condition  for  the  liandling  of  milk,  cream,  and  milk  products, 
no  matter  how  honest  and  tlioi-oiigh  may  be  tlic  attempts  of  the 
tenants  to  do  .so.     , 

till  -Mull.  :yi;--i)'.> 17 
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In  many  cases  the  tenants  have  much  to  contend  with  and  report 
that  their  hindk)rds  are  wholly  imwilling  to  make  alterations  or  neces- 
sary improvements,  and  if  such  are  made  it  must  be  done  entirely  at 
the  exijensc  of  the  tenant.  Sometimes,  however,  the  fault  does  not  lie 
exclusively  with  the  landlord.  Very  frequently  the  basement  in  these 
establishments  is  used  not  only  for  the  manufacture  of  ice  cream  and 
fi'ozen  dainties  but  also  as  a  storage  room  for  all  the  old  waste  which 
may  have  accumulated  for  years  past — old  broken  furniture,  scraps  of 
metal,  cast-off  clothing',  broken  boxes,  barrels,  moth-eaten  rugs,  mat- 
ting— in  fact  one  may  find  just  such  worthless  stuif  as  generally  col- 
lects about  the  dwelling  house  in  the  course  of  time.  Such  articles 
must  of  course  pollute,  and  most  dangerously,  any  food  products 
which  are  brought  into  their  proximity,  and  the  nature  of  the  bac- 
terial flora  found  in  the  foodstuffs  manufactured  in  these  insanitaiy 
surroundings  fully  bear  out  the  truth  of  the  above  statement. 

While  the  premises  are  themselves  of  insanitary  construction  an 
immense  benefit  would  accrue  to  the  consumei's  of  ice  creams,  char- 
lotte russes,  cream  jiufl's,  custards,  etc.,  if  a  general  house  cleaning  on 
the  part  of  the  tenants  were  demanded  and  enforced. 

An  analysis  of  the  individual  findings  in  the  53  places  visited  and 
the  classification,  so  far  as  possible,  on  the  basis  of  "  clean,  dirty,  fail', 
and  filthy  "  shows  the  following  results : 


Clean. 

Fair. 

Dirty. 

Filthy. 

3 

16 
O30.1 

19 
0  35.8 

9 
"16.9 

o  Per  cent. 

While  undoubtedly  the  insanitary  conditions  prevailing  in  and 
about  the  ice  cream  manufactories  of  Washington  must  influence  the 
wholesomeness  of  the  product  from  the  bacteriological  point  of  view, 
it  is  not  entirely  resjionsible  for  the  great  numl)er  of  organisms  which 
are  ordinarily  found  in  such  foods.  As  previously  slated,  the  cream 
and  milk  supply  of  the  city  has  been  investigated  by  the  Bureau  of 
Chemist I'y,  and  although  the  detailed  results  will  not  he  reported  here, 
it  is  advisable  to  consider  briefly  the  findings  of  the  bacteriological 
examination  of  130  samples  of  cream  collected  in  the  city  of  Wash- 
ington from  February  1  to  July  27,  1907. 

Saniplos  sliowiiiK 

Less  than  lO.OtiO  organisms  iier  cubic  centimeter 0 

From  10,0()0  to  .^O.OOO  orpuiisms  iier  cubic  centimeter .3 

From  .W.OOO  to  1()(),()(K)  orRanisnis  jier  cubic  centimeter 6 

From  ]00,000  to  2.50,000  orpuiisms  per  cul)ic  centimeter 20 

From  2.50,00^1  to  .'">(H),(K)0  organisms  per  cubic  centimeter , 10 

From  .500,000  to  l,f)OO,00(»  organisms  per  cubic  centimeter 15 
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niiples  showing — 

From  1.000.000  to  2,000,000  orsanisius  per  cubic  centimeter 13 

From  2,000,000  to  5,000,000  organisms  per  cubic  centimeter 11 

From  5,000,000  to  10,000,000  organisms  per  cubic  centimeter 10 

Prom  10,000,000  to  25,000,000  organisms  per  cubic  centimeter 14 

From  25,000,000  to  50,000,000  organisms  per  cubic  centimeter 10 

From  50,000,000  to  100,(K)0.000  organisms  per  cubic  centimeter 7 

J]          100,000,000  or  above  organisms  per  cubic  centimeter 2 

The  preceding  summary  indicates  but  too  plainly  the  source  of  the 
majority  of  the  organisms  in  ice  cream.  Not  a  single  sample  .showed 
less  than  10,000  organisms  per  cubic  centimeter  and  only  3  were  less 
than  50,000,  while  14,  or  10.8  per  cent,  were  between  10,000,000  and 
25,000,000.  The  average  number  of  organisms  for  all  the  samples 
examined  was  12,130,080  per  cubic  centimeter.  The  maximum  count 
was  309.000,000  and  the  minimum  was  12.000  per  cubic  centimeter. 
An  examination  of  these  creams  for  the  presence  of  fermenting  or- 
ganisms showed  that  when  2  per  cent  dextrose  fermentation  tubes 
were  inoculated  with  0.01  cubic  centimeter  51.53  per  cent  of  the 
samples  developed  gas. 

Between  January  12  and  July  2,  1907,  a  bacteriological  examina- 
tion was  made  of  381  samples  of  milk  collected  in  the  city  of 
Washington.     The  quantitative  bacteriological  findings  are  appended : 

Samples  showing — 

Less  than  10,000  organisms  per  cubic  centimeter 12 

From  10,000  to  50,000  organisms  per  cubic  centimeter 59 

From  .50,(Mt0  to  100,000  organisms  per  cubic  centimeter 65 

From  100,000  to  2.50,000  organisms  per  cubic  centimeter 70 

From  2."0.0()0  to  .100.000  or;;an!sins  |ipr  cubic  centimeter 40 

Frcini  ."011.(10(1  |i,  i,(i(i(i. i  <,r-.uiisiiis  per  cubic  centimeter 23 

From  l,0(i(i,(iu()  to  2.000.000  urganisms  per  cubic  centimeter 25 

From  2,000,000  to  5,000,000  organisms  per  cubic  centimeter 38 

From  5,0(X).000  to  25,0(K),000  organisms  per  cubic  centimeter 26 

From  lo.OOO.OOO  to  .50,000,000  organisms  per  cubic  centimeter 13 

From  25.(K)(i.000  to  100,000,000  organisms  per  cubic  centimeter 4 

From  50,000,000  to  100,000,000  organisms  per  cubic  centimeter 2 

Above  100,000,000  organisms  per  cubic  centimeter 2 

It  was  found  that  the  average  number  of  organisms  per  cubic  cen- 
timeter was  3.415,533,  with  a  maxinuim  count  of  283,000,000  per  cubic 
centimeter  and  a  minimum  of  1.000.  It  is  of  interest  to  note,  however, 
(lint  only  li>  of  (lie  381  samples  showed  a  bacterial  count  of  less  than 
10.000.  Tliirty-seven  per  cent  of  the  samples  showed  the  presence  of 
gas-]irodu(nng  organisms  when  tested  according  to  the  method 
IMcviously  given. 

The  foregoing  investigations  would  seem  to  clearly  demonstrate 
that  so  far  as  the  ice  cream  supply  of  the  city  of  Washington  is  con- 
cerned there  is,  bacterially,  a  wide  field  for  its  betterment,  beginning 
with  the  cream  and  milk  which  enter  into  its  composition  and  pro- 
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gressing  steadily  through  every  step  of  its  manufacture  to  the  final 
cleansing  of  the  hands  and  garments  of  the  employees  who  disj^ensc 
this  easily  ijolluted  foodstuff. 

Unfortunately  for  the  good  of  the  countiy  at  large,  and  judging 
from  a  cursory  knowledge  of  ice  cream  manufactories  in  general  and 
the  reported  findings  of  milk  and  cream  supplies  throughout  the 
countiy,  the  conditions  prevailing  in  Washington  can  not  be 
accepted  as  unique. 

A  study  of  the  commercial  ice  cream  of  Philadelphia  was  made  in 
the  Bacteriological  Laboratory  of  the  city  during  1905-6.  (Bacterio- 
logical Study  of  Commercial  Ice  Cream,  Pennington  and  Walter, 
New  York  Medical  Journal.  Vol.  LXXXVI,  No.  22,  page  1013.)  The 
examination  in  Philadelphia  covered  the  number  of  organisms  pres- 
ent, an  approximate  count  of  the  leucocytes,  the  presence  of  strep- 
tococci morphologically  and  the  determination  of  their  vegetative 
ability,  the  sanitary  condition  of  the  premises  on  which  the  ice  cream 
was  manufactured,  the  sanitary  condition  of  the  shop  or  dealer's 
warehouse  from  which  the  cream  and  milk  were  obtained,  and  the 
bacteriological  examination  both  numerically  and  for  the  pi'esence  of 
living  streptococci  in  the  cream  and  milk  which  entered  into  the 
sample  of  ice  cream  studied. 

In  so  far  as  the  cleanliness  of  the  premises  and  the  product  is  con- 
cerned the  above  authors  make  the  following  statements : 

Sixty  different  ice  cream  maimers  were  visited  and  their  premises  inspected. 
Wliat  constitutes  a  standard  of  cleanliness  in  the  production  of  such  food- 
stuff as  ice  cream  depends  very  largely  upon  the  inspector's  ideas  on  the  sub- 
ject. The  very  nature  of  the  process — the  mixture  of  ice  and  salt,  wooden  tubs 
for  freezing,  fruit  flavoring,  etc. — malies  it  a  difficult  matter  to  preserve  immac- 
ulate surroundings  even  when  interiors  of  utensils  and  constituents  of  the  ice 
creams  are  strictly  clean.  The  final  division  of  these  60  different  maimers'  estab- 
lishments was  made  on  the  Ijasis  of  four  classes:  (1)  Clean:  (2)  fair:  (3) 
dirty:  (4)  filthy.  In  rating  them  the  building,  drainage,  opportunities  for 
ventilation,  conditions  of  walls,  ceilings,  windows,  adjoining  rooms  or  buildings, 
as  well  as  the  condition  of  the  utensils,  methods  of  cleaning,  attempts  at  sterili- 
zation, etc.,  were  taken  into  account.    The  results  are  as  indicated. 

Dirisioii  of  60  different  cslnhli.shmrnts. 


Clean 
Fair... 
Dirty. 
Filthy 


Number 
of  estab- 
lish- 
ments. 


Percent- 
age hav- 
ing strep- 
tocoeei 
in  ice 
cream. 


Average 
count  of 

organisms 
per  cubic 

centimeter. 


12,  -160, 863 
15,857,800 
22,491,83!) 
29,226,714 
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The  maximum  number  of  organisms  found  was  151,200,000  per  cubic  centi- 
iin'ter  and  tbe  minimum  was  50,000  per  cubic  centimeter. 

While  tlie  cleanliness  of  the  manufactory  does  not,  according  to  this  inves- 
ti -cation,  bear  any  constant  relation  to  the  presence  of  streptococci  it  does  affect 
the  cleanliness  of  the  finished  product  as  indicated  by  the  total  bacterial  con- 
('■iit,  a  gradual  rise  being  observed  from  the  "  clean  "  shops  to  the  "  filthy  "  ones. 
Thf  latter  were  sometimes  almost  beyond  description.  For  instance,  samjile  42 
was  made  in  a  shed  adjoining  both  a  dwelling  and  a  stable  for  S  or  10  horses. 
The  workmen  went  from  horses  and  stable  cleaning  to  the  ice  cream  shed  with- 
out restraint,  handling  the  utensils  in  the  latter  as  necessity  demanded,  ro- 
;;ardless  of  soiled  clothes  or  hands.  Ice  cream  cans  and  milk  cans  stood  in  a 
piissageway  common  to  both  shop  and  lee  cream  manufactory,  a  part  of  which 
was  bordered  on  each  side  by  stalls  for  horses.  The  stench  of  this  place  finally 
caused  complaint  from  the  neighborhood  and  it  was  dealt  with  on  the  ground  of 
a  nuisance.  On  the  other  hand  a  large  ice  cream  manufacturer  had  endeavored 
I'  iireserve  the  strictest  cleanliness  possible.  Employees  engaged  in  ice  cream 
making  did  no  other  work  and  each  man  had  only  certain  duties  or  portions  of 
till-  process  assigned  to  him.  He  changed  his  clothing  and  took  a  bath  when  be- 
ginning the  day's  work  and  clean  lockers  and  plentiful  showers  were  provided 
ij  to  enable  the  fulfillment  of  this  regulation.  The  utensils  were  cleaned  with 
soda  and  finally  placed  on  a  steam  table  for  sterilization.  Such  precautions 
resulted  in  the  counts  given  in  samples  27  and  48  and  19,  namely,  0.53.5,000, 
33,120,000,  and  20,550,000. 

Through  the  courtesy  and  interest  of  the  head  of  this  ice  cream  firm  a  bacte- 
riological study  of  each  step  in  the  process  was  made  possible.  The  cream  in 
the  supply  tank  was  first  sampled,  a  portion  was  then  drawn  off  by  the  employee, 
mixed  with  the  necessary  sugar  (cane)  for  sweetening,  and  a  sample  of  this 
taken  for  examination.  After  adding  the  vanilla  and  transferring  to  the  freez- 
ing cans  it  was  again  sampled,  and  then  the  frozen  product  was  also  examined. 
In  the  freezing  the  bulk  a  little  more  than  doubled.  Although  frozen  the  ice 
cream  was  soft  enough  to  measure  in  a  wide-mouthed  10  cubic  centimeter  pi- 
l)ette,  and  it  was  plated,  after  approi)riate  dilution,  at  once.  The  results  of  the 
frozen  cream,  to  be  comparable  with  those  of  the  preceding  samples,  should, 
therefore,  be  about  doubled.    The  plates  were  of  agar  and  were  grown  at  20°  C. 

Organisms  in  ice  cream  at  each  step  in  the  process  of  making. 


On  agar  at 
20°  C,  or- 
ganisms 
per  cubic 

centimeter. 


Cream  from  tank : 

Cream  and  sugar 

Cream,  sugar  and  vanli:a  in  freezer 
Frozen  cream 


7,000,000 
5,7ii0,000 
12,250,000 


Present,  about  25  per  cent  of  all  or- 
ganismeand  in  an  active  condition. 


'<  Multiplied  by  2  equals  4,500,000. 

It  is  of  intorcst  to  iiole  in  tlio  examination  of  tlio  above  sample 
of  ice  cream  that  a  careful  pasteurization  had  been  ])erforme(l  by 
the  ice-cream  maker  innnedialeiy  upon  the  receipt  of  tlie  cream. 

The  ])i'eseiice  of  streptococci  in  the  ice  cream  on  sak>  in  the  city  of 
l*hihulel|)iiia  has  been  made  the  subject  of  special  study  in  the  article 
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to  which  reference  has  been  made.    The  summary  of  the  results  states 
that— 

lu  55  out  of  tbe  68  samples,  or  80  per  cent,  streptococci  were  found. 

In  45  examinations,  or  66  per  cent,  not  only  the  finished  product,  but  th« 
milk  or  cream  used  in  its  manufacture  were  investigated.  In  35  of  the  45 
cases,  or  77  per  cent,  streptococci  were  found  in  the  milk  or  cream  and  in  tln' 
ice  cream  as  well.  From  23,  or  33  i)er  cent  of  all  examined,  the  streptococci 
were  isolated  in  pure  culture.  They  grew  fairly  easily.  In  only  3  samples 
were  these  organisms  found  in  the  cream  alone,  and  where  both  cream  and  ice 
cream  were  examined  only  twice  in  the  ice  cream  -alone.  The  question  of  the 
original  source  of  streptococci  in  ice  cream  Is  of  importance  from  a  sanitary 
.ftaudpoint.  The  conditions  under  which  the  mixtures  are  made  and  frozen, 
the  cleansing  of  the  utensils,  etc.,  are  such  that  very  often  almost  any  kind  of 
bacterial  Infection  may  gain  access  to  it. 

The  usual  source  of  streptococci  in  milk  or  cream,  however,  is  the  cow,  and, 
judging  from  the  results  set  forth  here,  it  is  the  cream  or  milk  entering  into 
the  ice  cream  which  is  the  carrier  of  the  germs.  The  cleanliness  of  the  sur- 
roundings under  which  the  ice  cream  is  made  does  not  seem  to  greatly  affect 
the  presence  of  streptococci. 

Since  ice  cream  is  a  food  which  is  so  largely  used  by  children  and 
invalids  whose  digestive  tracts  are  more  readily  open  to  bacterial 
infection  than  are  those  of  the  adult  or  the  person  in  perfect  health, 
the  widespread  presence  of  an  organism  to  which  so  much  responsi- 
bility for  ill-doing  is  attached  as  appertains  to  the  streptococcus, 
should  be  looked  upon  with  suspicion  and  every  care  possible  taken  to 
exclude  it  from  such  food  product.s — at  least  until  it  has  been  proven 
innocuous. 

There  seems  to  be  a  certain  class  of  adults  who  have  a  predispo- 
sition against  ice  cream  and  who  can  not  ingest  it  without  a  feeling 
of  discomfort  and  in  not  a  few  cases  symptoms  of  severe  toxic 
poisoning  result,  manifesting  the  usual  course  of  nausea,  vomiting, 
diarrhea  and  pains  in  the  abdomen,  with  cramps  and  muscular 
pains,  often  followed  for  a  short  time  by  general  wealoiess,  malaise, 
loss  of  appetite,  and  headache.  Where  samples  of  ice  cream  as.so- 
ciated  with  such  (lislurl)ances  have  been  examined  bacteriologically 
they  have  often  shown  the  pi'esence  of  overwhelming  numbers  of 
streptococci,  constituting  practicallj^  a  pure  culture,  or  associated 
with  organisms  such  as  li.  col'i  or  other  bacteria  known  to  be  found 
under  insanitary  conditions. 

Where  in  the  routine  examination  of  a  city's  milk  supply  the  absence 
or  presence  of  streptococci  is  made  the  subject  of  investigation,  it  has 
been  found  that  approximately  40  per  cent  of  the  milk  offered  com- 
mercially contains  these  organisms,  and  in  the  cases  of  certain  indi- 
vi(hial  cities  the  results  are  much  higher.  According  to  the  inves- 
tigations, already  quoted  by  Pennington  &  Walter,  80  per  cent  of 
connnercial  ice  cream  contains  these  organisms.     In  an  endeavor  to 
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(Ictennine  tlie  reason  for  this  liij^h  fn'quenc}',  they  conducted  a  study 
(■11  the  rehitive  rate  of  growth  of  streptococci  isohited  from  milk, 
in  milk  and  cream,  and  find  that  there  is  a  much  more  rapid  pro- 
liferation of  the  organism  in  cream  than  in  milk.  The  difference  in 
the  relative  rate  of  gi'owth  is  more  striking,  also,  at  the  temperatui'e 
1)1'  the  refrigerator  (about  12°  C.)  than  at  higher  temperatures, 
\\hich  may  account,  at  least  to  some  eixtent,  for  the  frequency  with 
which  this  organism  occurs  in  ice  cream  and  also  for  its  overwhelm- 
iiiiX  proportion  there. 

It  was  noticed  also  that  the  thickening  of  cream,  inoculated  with 
|iine  cidtures  of  streptococci  and  kept  cool,  was  very  marked.     Its 
\\  iiipping  quality  greatly  increased  and  the  separation  of  a  curd  was 
extremely  slow,  all  of  which  qualities  are  sought  after  by  the  ice- 
ream  maker. 

CHANGES   IN   ICE   CREAM   DURING   STORAGE. 

An  important  i^oint  to  be  considered  in  the  study  of  ice  cream  is 
I  he  change  which  takes  place  during  the  storage  thereof.  It  is  quite 
customary  at  the  present  time  to  make  a  kind  of  ice  cream  which  is 
iritended  to  be  kept  a  long  while  and  shipped  to  great  distances. 
It  is  generally  supposed  that  very  low  temperatures  entirely  in- 
hibit bacterial  growth.  That  this  is  not  ahvaj's  the  case  is  shown 
by  the  results  of  the  investigations  which  are  ajjpended.  In  order 
that  some  definite  knowledge  might  be  obtained  of  what  actually 
takes  place  res2)ecting  the  bacterial  flora  during  cold  storage  two  sets 
of  investigations  were  instituted — one  in  "Washington  under  the 
supervision  of  Dr.  George  W.  Stiles,  and  one  in  Philadelphia  under 
(he  direction  of  Dr.  M.  E.  Pennington.  Doctor  Stiles's  report  is  as 
follows : 

The  techiiiqiie  used  in  the  study  of  ice-ereaiu  siiuii)les  kepi  in  :i  frozen  con- 
dition for  about  thirty  days  corresponded  very  closely  to  that  used  in  the 
(in.iutitative  e.xaniination  of  the  ice-cream  samples  heretofore  descrihwl.  The 
sampling,  however,  was  of  necessity  somewhat  modified. 

From  each  of  four  r(-i}resenlative  dealers  twelve  H-eent  samples  were  pur- 
chased, each  sample  being  kept  separate  in  a  5-cont  paper  carton,  as  used  by 
such  dealers.  One  dealer,  however,  not  having  the  small  cartons  at  hand 
wrapped  the  samples  each  In  tissue  paper  and  placed  all  of  them  within  a  new 
pasteboard  bo.\.  The  samples  were  kept  in  a  cold-stt)rago  warehouse  where  the 
temperature  varied  from  0°  to  10°  above  0  V.  The  graphic  chart  shows  the 
xarialions  in  bacterial  content  of  these  four  groups  of  samples. 

In  addition  to  making  coimts  of  the  number  of  organisms  present,  each  sample 
was  tested  for  gas-producing  organisms,  and  from  eacli  a  bacillus  was  isolated 
which  belonged  to  the  li.  coli  grotip. 

The  Initial  cotiiit  of  sample  No.  1  was  1(!,()00,0(X»:  of  No.  2,  8.5,()00.0(M);  of 
No.  3,  13.'j,()00,000,  and  of  No.  4,  53,(H)(),(K)(l.  The  variation  from  these  numbers 
during  the  keeping  of  the  sample  will  be  noted  in  the  table  which  follows,  as 
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well  as  the  decrease  of  gas  production  in  some  and  no  noticeable  difference  in 
others,  especially  No.  1.  which  showed  gas-producing  bacteria  during  the  entire 
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period.  Willi  a  decre.-isc  in  the  gas-producing  bacteria  after  the  first  or  second 
wccU  tlicre  was  also  noti'd  a  marked  decrease  in  the  uuuibor  of  organisms, 
Uiougli  in  many  cases  Ihesc  again  increase. 
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I'ltlih'  shouHiu/  the  number  of  organimis  mid  percentage  of  gas  production  in  cold-storage 
ice  cream. 


Serial  number  of  sample. 


Days  in 
storage. 


Bacteria  per 
cubic  centi- 
meter. 


Percent- 
age of 
gas. 


Percent- 
age of 
gas,  du- 
plicate. 


5,000,000 
),  000, 000 
1,000,000 

r,  000, 000 

i,  000, 000 

i,  000,  coo 

i,  000, 000 
i,  000, 000 
),  000, 000 
),  000,  000 
(,  000, 000 
i,  000, 000 
i,  000, 000 
J,  000, 000 
S,  000, 000 
i,  000, 000 
i.  000, 000 
),  000, 000 
),  000, 000  j 
),  000, 000 
),  000, 000 
),  000, 000 
),  000, 000 

:,  000, 000 

i,  000, 000 
),  000, 000 
!,  000, 000 
1,000,000 
>,  000, 000 
1, 000, 000 
1, 000, 000 
(,  000, 000 
',000,000 
i,  000, 000 
1,000,000 
1,000,000 
1,000,000 
.,000,000 
',000,000 
1,000,000 
1,000,000 
',  000. 000 
',000,000 

..000,000  ! 

1,000,000 
.,000,000 
1,000,000  j 
1,000,000 
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The  experiment  coiulucted  under  tlie  directicjn  of  Doctor  Penniii'i'- 
ton  follows : 

While  the  teuiperature  of  0°  ('.  is  ordinarily  accepted  as  that  at  which  bac- 
terial life  is  either  (luieseent  or  annihilated,  the  making  of  ice  cream  in  a  freez- 
ing mixtnre  of  ice  and  salt  redtiees  the  substances  to  a  temperature  of  from 
— 10°  C.  to  — 20°  C.  To  test  the  action  of  this  temperature  on  the  very  rich 
bacterial  flora  ordinarily  occuring  in  commercial  ice  creams,  samples  were 
obtained  from  various  sources  and  maintained  for  several  days  at  a  tem- 
perature varying  at  from  — 10°  C.  to  — 20°  C.  It  has  been  found  by  inquiry  and 
observation  that  ice  cream  may  be  kept  by  a  manufactory  or  more  likely  by 
the  retail  dealer  for  a  week  or  ten  days.  It  is  of  course  kept  for  greater 
lengths  of  time  when  provisioning  ocean  liners  or  stored  for  some  particular 
purpose,  but  this  is  rather  the  exception.  It  was  deemed  advisable,  therefore, 
to  limit  this  preliminary  investigation  to  the  period  which  is  ordinarily  that 
of  commerce. 

The  samples  of  ice  cream  tested  were  purchased  in  open  market  or  sent 
directly  from  the  manufacturer,  who  had  no  knowledge  of  the  purpose  for 
which  they  were  intended.  When  coming  from  the  manufacturer  they  were 
Iiacked  in  the  usual  tin  ice-cream  storage  can,  set  in  an  ice  and  salt  mixtnre. 
When  purchased  from  restaurants,  confectioners,  etc.,  the  sample  was  obtained 
in  a  sterile  wide-mouthed  glass  jar,  tightly  capped,  and  was  immeiliately 
packed  down  in  ice  and  salt.  All  the  samiJles  to  facilitate  keeping  were  placed 
in  a  room  in  the  cold-storage  w-arehouse,  where  the  temperature  was  slightly 
below  freezing.  Here  they  were  inspected  daily,  ice  and  salt  added  as  required, 
and  samples  for  study  removed  with  sterile  glass  spatulas. 

For  the  determination  of  the  total  number  of  organisms,  approximately 
1  cubic  centimeter  of  the  cream,  which  was  melted  as  promptly  as  jiossible 
after  reaching  the  laboratory,  was  weighed  in  a  tared,  sterile  weighing  bottle, 
made  up  to  10  cubic  centimeters  with  sterile  water,  and  from  this  mixture 
were  prepared  appropriate  dilutions  for  the  counting  of  organisms. 

The  plating  was  done  on  litmus  lactose  agar,  half  the  plates  of  each  sample 
being  allowed  to  develop  colonies  at  a  temperature  of  37°  C,  and  the  other 
half  placed  in  the  refrigerator,  rimning  from  18°  O.  to  20°  C.  It  has  been 
found  necessary  to  use  both  these  temi)eratures  if  an  accurate  idea  is  to  be 
obtained  of  the  changes  undergone  by  organisms  when  submitted  to  continuous 
low  temperatures,  since  there  is  apparently  a  dying  off  of  certain  groups  of 
organisms  in  the  early  stages  of  storage,  and  the  gradual  increase  of  other 
organisms,  which  .seem  ultimately  to  thrive  under  what  are  usually  conditions 
fatal  to  growth. 

The  results  obtained  in  the  study  of  S  samples  of  ice  cream  are  tabulated 
as  Series  I,  II,  and  III,  of  Table  I.  Series  I  extended  over  sixty-six  hours; 
Seres  II  covered  a  total  of  one  hundred  and  ninety-two  hours,  and  Series  III  a 
total  of  two  hundred  and  sixteen  hours. 

As  with  all  experiments  where  the  bacterial  tlora  is  of  as  varied  a  character 
as  that  fouud  in  conunercial  cream,  there  is  observed  in  this  work  a  consid- 
i  rable  variation  in  the  behavior  of  different  samples.  Generally  the  tendency 
is  to  show  a  decrease  for  at  least  several  days  in  a  number  of  organisms 
develr.ping  at  body  heat,  though  occasionally  these  organisms  persist  and  thrive 
at  low  temjieratures.  The  organisms  develoj.ing  at  the  temperature  of  the 
lefrigerator  show  usually  a  period  of  decrease  which  may  last  several  days,  to 
be  followed  later  by  a  ver.v  i)ronoiui<'ed  rise.  Sometimes  the  killing  off  of  the 
organisms  is  very  slight,  their  numbers  remaining  almost  stationary  or  making 
a  continuous  upward  curve. 
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'I'lie  experiments  cited  are  too  few  to  iiermit  of  foriimlating  definite  conclu- 
siiiiis  and  it  must  not  be  forgotten  tliat,  purchased  as  tliey  were — in  openl 
iiiarliet — their  histories  unliuown,  there  may  have  occurred  a  considerable  part 
of  I  he  bacteriological  cycle  before  the  specimens  were  investigated.  The  results 
L'i\('u  simply  show  what  may  happen  to  commercial  ice  cream  if  liept  for  froui 
tliiee  to  ten  days. 

Two  experiments  have  been  made  to  test  the  action  of  freezing  and  thawing. 
I  ■n-  this  worlc  cream  was  obtained  from  a  millv  dealer,  sweetened  and  flavored 
,\irli  vanilla  in  the  laboratory,  and  frozen  in  a  small  hand  freezer,  which  had 

I u  cleansed  simply  with  hot  water.     After  freezing  the  product  was  packed 

i\'iwn  ill  an  ice-salt  mixture  and  allowed  to  stand  until  the  cream  had  thor- 
"iii-'lily  melted,  though  the  temperature  was  still  considerably  below  that  of  the 
surrounding  atmosphere.  It  was  tlien  refrozen  and  again  allowed  to  stand  for 
some  hours.  At  each  step  the  bacterial  count  was  made  and  recorded,  as  seen 
in  Table  II.  Experiments  of  this  character  are  of  interest,  not  only  for  the  trac- 
ing of  decrease  in  numbers,  but  also  as  a  possible  source  of  information  regard- 
ing the  many  cases  of  ice-cream  poisoning  blamed  upon  stale  ice  cream,  and 
particularly  that  which  had  been  melted  and  refrozen. 


Table  I. 


-Growth  of  bacteria  in  ice  cream  at  the  temperature  of  ice  and  salt 
{-21°  €.  =  -5.8° F.). 


Source  of  k-e  cream. 


No.  1 — Manufacturer,  sample  sent  directly 
from  factory 

No.  2— Manufacturer,  sample  sent  directly 
from  factory 

No.  3 — Manufacturer,  sample  sent  directly 
from  factory 


Total  number  of  organisms  in — 


'fr^eTlce'      Ig^i"  after 
'cfeam"         ^^^°^^ 


11811,249 
62,523,886 
0  4,142,068 
''9,521,995 
03,375,527 
69,493,670 


01,010,509 
61,010,509 
0  2,552,676 
61,495,066 
0  4,173,622 
6936,065 


1  gram  after   1  gram  after 
42  hours.  66  hours. 


"3,349,733 
6628,074 

"2,603,421 
6464,000 

"1,055,966 
6  422,386 


0  4,405,286 
61,664,218 
0  4,5.50,050 
63,993,933 
0  4,264,870 
616,835,016 


Total  number  of  organisms  in— 

Source  of  ice  cream. 

1  gram  of 
fresh  ice 
cream. 

1  gram  after 
24  hours. 

1  gram  after 
48  hours. 

1  gram  after 
96  hours. 

1  gram  after 
192  hours. 

No.  4— Low-grade  confectioner. 

No.    .5— Wholesale    milk   coni- 
Iniiiy  and  dairy  lunch 

f       >' 564, 381 
1     61,097,408 
1    01,006,904 
1    65,418,105 

0164,000 

6201,786 

01,489,361 

6  2,765,9.57 

0140,814 
61,804,180 
01,171,613 
62,454,809 

0149,812 
62,536,115 

0816,405 
63,936,242 

0  61,312 

61,021,867 

0  236,709 

Source  of  Ice  cream. 


No.  (j  —  Cheaj)  restaurant 
which  buys  from  manu- 
facturer of  i-ample  No.  1 . 

No.  7— Small  bakery,  prem- 
ises clean 

No.  8 — Markelhouse  lunch 
counter,  ice  cream  made 
by  proprietor 


Total  number  of  organisms  in — 


1  gram  of 
fresh  ice 
cream. 


a  2, 668,777 
()  6, 219, 608 

\a  12, 460, 196 
[629,568,355 

a. 51 0,673 
6  714,942 


a  298, 804 
61,090,637 

0  3.231,017 
62,670,974 

a  1,260,645 
62,319,961 


0709,442 
6  855,503 

0  4,019,523 
68,010,335 

a  1, 424, 936 
61,323,166 


0  690,000 
6 1, 189, 296 

a  12,  735, 849 
6  2, 452, 830 

o  776, 196 
6  217,336 


0  292,839 
6  2,352,163 

a  8, 062, 466 
6  2,300,701 

0  476,338 
61,449,725 


o 163, 351 
6  946,611 

0  644,329 
6  6,257,731 

o 219, 499 
61,005,616 
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Table  II. — Bacterial  (/roivlli  in  'ce  cream  thawed  and  refrozen. 


.    Total  number  of  organisms  in— 

Source  of  ice  cream. 

1  gram  of 
cream. 

1  gram  of  ice 
cream. 

1  gram  of 
melted  ice 

cream  14 
hours  after 

freezing. 

1  gram  of  re- 
frozen  cream. 

1  gram  of  it-*- 

hours  after 
refreezing. 

Experiment! — Home-made,  va- 
nilla  

1   01,142,640 
I   61,158,886 

o 274, 254 
l'351,219 

a57,090 
6331,125 

a 32, 829 
6306,412 

"28,774 
632,696 

Total  number  of  organisms  in— 

Source  of  ice  cream. 

1  gram  of 
cream. 

1  gram  of  ice 
cream. 

1  gram  of 
melted  ice 

cream  23 
hours  after 

freezing. 

1  gram  of  re- 
frozen  cream. 

1  gram  of  ice 

cream  5 
hours  after 
refreezing. 

Experiment  2— Home-made,  va- 
nilla                                     

f    <■  2, 926, 421 
1    67,525,125 

al,  144, 016 
63,874,896 

a  897, 867  '         1614,463 
62,244,668             6732.629 

01,541,501 

All  of  the  samples  which  have  been  studied  for  cold  storage  his- 
tbry  were  examined  also  for  the  presence  of  streptococci.  The  re- 
sults are  indicated  in  the  followiiit'-  list: 


Num- 
ber. 

Streptococci. 

Num- 
ber. 

Streptococci. 

1 
2 
3 
4 

Not  found. 

Present— short  chains— numerous. 
Present— long  chains— very  numerous. 
Present— short  chains— few. 

6 

7 
8 

Present — short  chains — few. 
Present — long  chains — numerous. 
Not  found. 
Not  found. 

Eighty-two  and  five-tenths  per  cent  showed  the  presence  of  the 
organism. 

Tiie  method  for  the  detection  of  streptococci  in  ice  cream  was  as 
follows:  The  melted  sample  was  centrifuged  for  half  an  hour  iii  a 
Stewart  lactocrite  driven  by  a  small  motor -of  such  power  that  the 
speed  was  approximately  3,000  revolutions  per  minute.  This  appa- 
ratus, which  consists  of  a  flat  aluminum  pan  holding  20  tubes  of  1 
cubic  centimeter  capac^ity  and  stoppered  at  the  outer  end  with  a  spe- 
cially con-striicted  rubber  l)lug,  causes  the  sediment  not  onl_y  to  be 
thrown  to  the  end  of  the  tube  but  drives  it  against  the  rubber  j)lug 
with  such  force  it  is  almo.st  quantitatively  adherent  to  the  phig. 
Accordingly,  if  one  carefully  removes  the  rubber  .stopper  and  by  rub- 
bing on  a  glass  slide  and  over  an  area  of  known  surface  attaches  the 
.sediment,  one  can  obtain,  on  staining  and  examining  the  film  micro- 
scopically, an  approximation  of  tiie  numl)er  of  organisms  and  leu- 
cocytes in  1  cubic  centimeter  of  tiie  li(juid. 
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Hecause  of  the  debris  in  ice  cream,  which  ordinarily  renders  the 
usual  method  of  centrifiiging  milk  and  cream  samples  quite  imprac- 
I  liable,  the  above  method  was  resorted  to  and,  so  far  as  the  detection 
<'l'  the  presence  of  streptococci  was  concerned,  it  was  found  eminently 
satisfactory. 

THE  SIGNIFICANCE  OF  A  PURE  ICE  CEEAM  SUPPLY  IN  RELATION 
TO  PUBLIC  HEALTH. 

A  study  of  the  literature  dealing  with  diseases  traced  to  the  eat- 
ing of  ice  cream  .shows  that  not  only  are  i.solated  cases  more  or  less 
M  .severe,  even  sometimes  resulting  in  death,  fairly  numerous,  but  wide- 
.sjjread  epidemics  have  been  caused  by  the  toxicity  of  the  substance. 
Such  diseases  are,  of  course,  of  gastrointestinal  origin.  Among 
the.se  epidemics  is  one  of  typhoid  fever  described  by  Dr.  George  Tur- 
ner, occurring  at  Depford  in  1891,  which  was  api:)arently  caused  by 
ice  cream. 

Another  epidemic  of  this  disease  occurred  in  Liverpool  in  1897 
to  which  27  cases  were  traced. 

In  1902,  in  the  city  of  London,  18  cases  of  typhoid  fever  were 
traced  by  the  health  officer  of  Finsbury  (see  report  of  health  of  Fins- 
bury,  1902,  page  67)  to  ice  cream  as  the  source  of  infection. 

More  commonly,  however,  the  illness  cau.sed  by  ice  cream  has  the 
symptoms  of  colic,  headache,  diarrhea,  and  depression  rather  than  a 
specific  typhoid  infection.  "  Such  an  outbreak  occuri'ed  in  Birming- 
ham during  the  summer  of  1905  (Thresh  &  Porter,  Preservatives  in 
Foods  and  Food  Examination,  page  280)  and  was  investigated  by 
Dr.  Robertson,  the  city  medical  officer  of  health.  Out  of  2.50  con- 
sumers served  52  cases  of  illness  occurred,  4  only  of  the  patients  being 
over  14  years  of  age.  The  interval  which  elapsed  between  the  eating 
of  the  ice  cream  and  the  onset  of  the  illness  varied  from  half  an 
hour  to  eight  and  a  half  hours.  All  the  persons  sufi'ered  from  diar- 
rhea and  collap.se.  No  irritant  poison  was  discoverable  by  chemical 
analysis.  Professor  Leith  examined  the  ice  cream  bacteriologically 
and  found  therein  a  bacillus  of  the  colon  group  capable  of  causing 
I  lie  death  of  guinea  pigs.  From  an  examination  of  the  premises  in 
which  the  ice  cream  was  manufactured  it  appeared  probable  that  it 
had  become  contaminated  while  standing  in  the  cooling  shed  after 
boiling  and  before  freezing.  Opposite  this  shed  there  were  3  water- 
closets  in  an  extremely  filthy  condition,  and  possibly  organisms  of 
excremental  origin  had  fallen  upon  one  of  the  buckets  of  the  ci'eam 
while  it  was  in  a  warm  condition.  These  would  rapidly  multij)ly  and 
may  have  produced  toxins  or  ptomaines.  Neither  the  bacilli  nor  their 
poisonous  ))ro(iucts  would  in'  afrcctcd  l>y  the  subsequent  freezing." 
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In  the  discussion  of  ice  eroani  in  "  BacteriologA'  nnd  Public 
Health,"  by  George  Newman,  he  states  that  a  "  small  outbreak  oc- 
curred in  the  city  of  London,  affecting  16  telegraph  boys.  The 
symptoms  were  colic  and  diffuse  abdominal  pains,  headache,  vomit- 
ing, diarrhea,  and  nervous  depression.  Dr.  Collingridge's  inquiry 
resulted  in  the  following  conclusions: 

(1)  That  in  a  number  of  cases* of  illness  occurring  among  young  persons  of 
a  susceptible  age  the  symptoms  were  strictly  identical  and  were  characteris- 
tic of  poisoning  by  ingestion  of  toxic  material. 

(2)  That  the  cases  reported  followed  the  ingestion  of  ice  ereauis. 

(3)  That  ice  creams  subsequently  obtained  at  shops  frequented  by  the  pa- 
tients contained  bacilli  of  a  virulent  character. 

(4)  That  the  symptoms  observed  were  those  generally  following  the  inges- 
tion of  material  containing  such  bacilli. 

(5)  That  where  pathogenic  bacilli  were  found,  the  ices  had  been  manufac- 
tured under  insanitary  conditions.  The  majority  of  the  manufacturers  are 
aliens,  and  although  the  premises  may  be  kept  in  a  fairly  sanitary  condition, 
their  personal  habits  unfortunately  leave  much  to  be  desired  where  the  prepar- 
ation of  food  is  concerned." 

Dr.  Klein  examined  '24  samples  of  ice  cream  from  the  same  locality 
and  found  13,  or  5-1  per  cent,  to  be  poisonous  to  guinea  pigs. 

In  July  of  1904  the  medical  officer  of  health  of  Battersea  (Report 
of  1904,  Public  Health  Committee  of  the  London  County  Council) 
reported  an  outbreak  of  illness  among  the  people  who  had  eaten  ice 
cream  purchased  at  a  particular  shop.  As  usual  in  such  toxemias 
the  symptoms  included  abdominal  pain,  diarrhea,  and  collapse. 
The  ice  cream  causing  these  poisonings  had  all  been  eaten  and  there- 
fore could  not  be  examined,  but  an  inspection  of  the  premises  showed 
very  filthy  conditions  and  in  all  probability  the  contamination  of 
the  cream  was  due  to  a  dust  bin  in  the  immediate  proximity  of  the 
shelf  on  which  the  ice-cream  vessels  were  stored. 

Owing  to  outbreaks  of  this  nature  the  London  CouiUy  Council 
(general  powers  act,  li)02,  sees.  4-2-4.-))  has  given  powers  for  control- 
ling this  trade: 

(a)   Ice  cream  must  be  made  and  stored  in  sanitary  premises. 

(6)  It  must  not  be  made  or  stored  in  living  rooms. 

(o)   Strict  precautions  must  be  taken  as  to  protection  from  contiuiiination. 

((/)    Cases  of  inl'crtious  dise;isc  must  b(^  vciKirleil. 

(e)    The  name  .-ind  mldrcss  i>(  the  uvAkrv  must  :ippe:ii-  no   street   hiirrows. 

These  regulations  are  new  for  London,  though  tiiey  luive  practi- 
ciilly  been  in  existence  in  (xlasgow  since  lOO;"),  and  in  Liverpool  since 
],S!»S. 

Tliat  such  powers  arc  enforced  by  the  ollicials  having  tiie  ptil)lic 
health  of  London  in  charge  is  demonstrated  by  the  report,  for  ex- 
am|)le,  of  the  sanitary  conditions  relating  to  the  city  of  Westminster 
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I'lir  the  year  1903.      (Francis  J.  Allan,  medical  officer  of  health  for 
I  lie  city  of  Westminster.) 

1 'remises  where  ice  creams  are  manufactured  or  sold  were  frequently  in- 
^[Mcted  during  the  year;  there  were  108  premises  other  than  hotels  and 
i'  sfaurants  where  ice  cream  is  manufactured  and  sold.  Proceedings  were 
i.ilceu  against  Pietro  Xecchi,  36,  Berwick  street,  under  the  London  County 
I  liiincil  general  powers  act,  1902,  for  manufacturing  ice  cream  in  a  room  used 
^is  a  sleeping  room,  and  he  was  fined  £2  and  £2  2s.  costs. 

lOvery  itinerant  vendor  of  ice  cream,  etc.,  is  required  to  exhibit  the  name 
^111(1  address  of  the  manufacturer  on  his  barrow.  One  man  was  cautioned  under 
this  section.  Lists  of  such  vendors  were  prepared  in  several  boroughs,  and 
tilt'  medical  otiicers  of  health  gave  one  another  information  with  regard  to  the 
|ilaces  where  the  ice  cream  is  made.  There  were  18  persons  selling  it  in  the 
'  ity  during  the  year,  of  these  several  resided  in  the  city  (of  Westminster), 
Ih'  others  came  from  Finsbury  (4),  Holborn  (.3),  Chelsea  (.'J),  and  Lambeth 
ill.  In  one  case  the  medical  officer  of  Chelsea  informed  me  that  the  place 
ill  which  the  mixture  was  prepared  was  dilapidated,  with  water-closet  ob- 
structed, and  defective  paving  of  scullery.  In  another  (in  Holborn)  pro- 
ceedings were  taken  for  making  ice  cream  in  a  living  and  sleeping  room. 

The  significance  of  the  streptococci  as  a  disease-producing  organ- 
ism in  ice  cream  has  been  briefly  discussed  in  the  section  of  this 
j'eport  devoted  to  bacteriological  findings  of  ice  cream  in  the  city  of 
Washington,  and  to  that  section  the  reader  is  referred.  Aside  from 
the  invasion  of  the  organism  by  living  pathogenic  bacteria,  and  the 
characteristic  symptoms  following  such  invasion,  there  must  not  be 
forgotten  the  causation  of  illness  by  products  of  the  bacteria  them- 
selves— even  though  they  as  living  cells  may  have  been  eliminated 
either  by  boiling,  freezing,  or  the  use  of  chemical  preservatives.  It 
is  commonly  supposed  that  the  manipulation  through  which  the 
mixtures  for  ice  creams  are  apt  to  go.  namely,  pasteurization  or 
scalding  of  at  least  a  portion  of  the  ingredients  would  tend  to  lessen 
the  actual  number  of  organisms  present  and  to  kill  those  which  are 
conunonly  considered  to  be  pathogenic.  So  far  as  the  les.sening  of 
tlie  number  of  oi'ganisnis  is  concerned,  the  investigations  embodied 
in  this  report  offer  an  emphatic  denial:  and  the  heat  or  cold  to 
which  the  mixture  is  exposed  would  be  absolutely  without  effect 
upon  the  toxins  or  ptomaines  jii'oduced  by  the  organisms  even  should 
liie  latter  be  killed. 

Indeed,  it  may  be  very  seriously  (juestioned  whether  preliminary 
ileal ing  of  tiie  milk  products  going  into  the  compounds  known  as 
'■  ice  cream  "  is  not  actually  deleterious  and  responsible,  to  some 
extent,  at  least,  for  such  ca.ses  of  poisoning  as  arc  included  under 
the  popular  term  of  "  tyrotoxicon."  It  has  been  definitely  established 
that  the  sc-alding  or  commercial  pasteurization  of  milk  and  cream 
of  the  usual  conunercial  (luality  tends  to  kill  ofl  the  organisms  pro- 
ducing lactic  acid  and  naturally  causing  the  milk  to  curd,  but  leaves 


behind  the  orfranisms  more  resistent  to  heatin<r  and  which  are  apt 
to  be  those  forming,  as  part  of  their  excreted  product,  alkaline  sub- 
stances, which — as  the  acid  forming  organisms  are  not  there  to 
give  them  combat — increase  to  such  an  extent  that  the  reaction  of 
the  milk  itself  becomes  distinctly  alkaline. 

Ptomaines  are  chemical  substances  built  on  the  ammonia  type  and 
are  most  commonly  produced  by  bacteria  coincidental  with  an  alka- 
line reaction,  or  in  a  medium  which  has  previously  been  made  alka- 
line in  reaction.  Any  condition  therefore  which  produces  in  milk 
or  its  products  circumstances  favorable  to  the  production  of  pto- 
maines is  undesirable.  The  fact  that  the  great  majority  of  reported 
cases  of  ice  cream  poisoning  are  to  be  traced  to  the  use  of  cheap  grades 
of  material  would  tend  to  confirm  the  foregoing  supposition,  since 
these  cheaper  grades  of  ice  creams  are  commonly  made  of  milk,  eggs, 
gelatin,  and  such  thickeners  as  require  heating  in  order  to  j^i'oduce 
the  desired  result. 

The  use  of  condensed  milk  in  cheap  grades  of  ice  cream  is  by  no 
means  uncommon.  Indeed,  with  the  increased  activity  of  the  con- 
densed-milk agent  and  the  increased  demand — particularly  in  large 
cities — for  fresh  milk,  the  practice  is  growing  more  and  more  popu- 
lar, and  such  condensed  milks  and  those  substances  known  as  "  evap- 
orated creams,"  which  are  only  whole  milks  concentrated,  are  far 
too  apt  to  usurp  the  place  of  true  cream  in  the  manufacture  of  ice 
creams. 

The  contention  has  been  raised  by  the  makers  of  ice  creams  that  the 
proposed  Federal  standard  of  butter  fats  is  too  high  to  be  healthful 
and  that  an  ice  cream  containing  the  amount  of  cream  required  by 
the  Fedei-al  law  can  not  be  digested  by  many  people.  They  assert, 
however,  that  an  ice  cream  containing  milk,  eggs,  and  sugar,  with 
such  a  thickener  as  cornstarch  or  gelatin,  can  be  digested  by,  and  is 
grateful  to,  those  with  whom  the  true  ice  cream  does  not  agree.  It 
is  widely  known,  however,  among  those  who  have  had  experience  in 
the  feeding  of  invalids,  convalescents,  and  persons  having  impaired 
digestive  organs,  that  the  unification  of  3  of  our  most  concentrated 
foods — such  as  milk,  eggs,  and  cane  sugar — produces  a  combination 
which  is  difficult  of  digestion  and  the  feeding  of  it  is  often  impo.ssible. 
In  such  cases  the  patient  can  assimilate  either  of  the  ingredients 
separately,  or  any  two  in  combination,  but  the  third  concentrated 
food  when  mixed  with  the  other  two  is  more  than  the  organs  can 
metabolize. 

Such  being  the  case  it  would  stem  doubly  desirable  from  the  stand- 
l)oint  of  the  physician  and  the  hygienist  that  there  should  be  on  the 
market  a  standard  jjreparation  consisting  exclusively  of  cream,  sugar, 
and  flavoring,  and  of  a  definite  fat  content,  that  he  may  Iniow  what 
is  being  fed  to  his  patient. 
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The  correct  labeling  of  the  frozen  mixtures  sold  at  retail  would 
also  enable  the  person,  who  by  experience  has  found  that  pure  cream 
ICC  cream  is  or  is  not  suited  to  his  digestive  organs,  to  obtain  that 
\\  liich  does  agree  with  him. 

Xot  only  is  the  chemical  composition  and  the  bacteriological  de- 
I  niiiposition  of  ice  creams  widely  discussed  in  the  literature  from  the 
-I  midpoint  of  food  value  and  desirability,  but  there  comes  from  Italy 
;iii  article  by  Baldoni,  in  the  "  Eiforma  Medica  "  for  1907,  in  which 
he  attributes  much  of  the  digestive  disturbance  in  Eome  during  the 
summer  time  to  the  contamination  of  ices  by  tin  and  lead,  which  are 
scraped  off  the  inside  of  the  freezing  can  by  the  mechanical  action  of 
the  dasher.  Baldoni  has  not  only  jjroven  the  presence  of  these  metals 
in  ices  in  a  dissolved  condition,  but  by  careful  filtration  he  has  iso- 
lated macroscopic  pai'ticles  of  both  lead  and  tin. 

The  container  of  ices,  etc.,  commercially,  is  a  metal  cylinder,  in 
which  products  having  various  fruit  flavors  are  stored  for  consider- 
able lengths  of  time.  In  some  cases  the  material  melts,  warms  up 
very  thoroughly,  and  is  again  frozen.  It  is  perfectly  possible  that  a 
mechanical  distribution  of  particles  of  metal  throughout  the  mass, 
and  the  long-continued  action  of  fruit  juices  on  these  small  particles 
as  well  as  on  the  surface  of  the  container,  result  in  the  accumulation 
in  the  food  stuff  itself  of  very  appreciable  quantities  of  metallic  salts. 

DEFINITIONS  AND  DESCRIPTIONS  OF  ICES  IN  TRADE  AND  OTHER 
BOOKS. 

In  an  anonymous  work  entitled,  "  Ice  Cream  and  Cakes,"  by  an 
American,  published  by  Chas.  Scribner  &  Sons,  in  New  York  in  IDOl, 
the  materials  for  making  ice  cream  are  described  as  follows :  "  Cream, 
sugar,  eggs,  flavoi's  in  variety,  fruits  and  their  juices,  ice  and  snow, 
salt.  Cream  is  classified  by  the  author  as  single,  double,  and  butter 
cream.  Single  cream  is  that  which  is  skimmed  from  milk  twelve 
hours  after  milking,  double  cream  twenty-four  hours  after  milking, 
and  butter  cream  thirty-six  hours  after  milking.  No  mention  is 
made  by  this  author  of  cream  which  is  separated  mechanically  and 
which  practice  is  now  more  fre(iuently  used  foi-  ice  cream  perhaps 
than  any  other.  The  author  states  that  for  making  ice  cream  only 
the  double  <;reani  of  entire  purity  should  be  used  and  as  soon  after 
skimming  as  possible.     On  page  1.5  the  author  says: 

.Milk  shdiild  not  hi'  used,  cillioi-  wholly  or  in  pMrf,  in  iilaop  of  cream.  Its 
vvntcry  portion  freezers  into  coarse  crystals  that  give  a  snowy,  mushy  taste  to 
thi'  ice  cream,  whicli  even  tlic  use  of  esgs  does  not  correct,  and  causes  it  to 
nicll  nnicli  more  nipidly  tlian  when  niiKlc  of  pure  croiim. 

'I'll  pri'vcnl  this  and  fiivc  the  aiipi'.'nanic  of  i^iMinino  ice  cream  some  maimers 
put  iu  Kt'latin,  to  keep  it  tirm,  as  tliey  say.     Itut  Us  taste  betrays  It;  neither 
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gelatin,  tapioca,  cornstarch,  arrovvrool,  or  any  otlier  nialvcshlft  will  couii)ensat(! 
for  the  alisence  of  pure  cream. 

The  use  of  milk  should  be  discountenanced  by  all  who  would  have  and  enjoy 
ice  cream  of  the  best  quality.  In  truth,  when  made  of  milk  and  eggs  and  not 
cream  the  product  is  frozen  milk  custard. 

By  the  same  author  the  American  type  of  ice  cream  is  called  "  Phil- 
adelphia," and  the  following  statement  is  made : 

Perhaps  in  no  place  in  America  can  the  Philadelphia  ice  creams  be  found  of 
higher  quality  than  at  a  first-class  confectioner's  in  the  City  of  Brotherly  Ijove. 
Certainly  nowhere  else  can  the  chief  material,  ptu'e  cream,  be  obtained  of 
greater  richness  and  more  delicious  flavor. 

This  is  somewhat  misleading,  since  there  are  doubtless  hundreds  of 
places  in  the  United  States  where  just  as  good  cream  with  just  as  fine 
flavor  can  be  found  as  in  Philadelphia. 

The  American  anonymous  author  above  mentioned  recommends  the 
use  of  eggs  in  that  variety  of  ice  cream  known  as  "  Neapolitan  " 
which,  however,  in  its  own  country  is  not  called  a  cream.  He  states 
that  the  Neapolitan  ice  creams  do  not  dilfer  from  the  Philadelphia 
creams  except  in  the  use  of  eggs  in  their  composition.  Types  of  Ne- 
apolitan ices  are  made  according  to  the  formulas  given  in  the  book; 
the  most  popular  one  is  called  vanilla,  No.  53 — which  is  made  of  2 
quarts  of  cream,  12  eggs,  1^  pounds  sugar,  and  1^  ounces  of  a  mixture 
of  1  pound  of  sugar  with  1  ounce  of  finely  powdered  Mexican  vanilla 
bean.  In  regard  to  the  Philadelphia  ice  creams  the  author  says,  on 
page  60: 

Although  some  of  the  best  confectioners  in  thi>  Quaker  City  m.ike  their 
creams  somewhat  after  the  Neapolitan  method,  in  proportions  varying  from  6 
to  1  egg  for  1  qnart  of  cream,  some  using  the  whole  egg,  others  the  yolk  only, 
yet  the  plain  creams  without  eggs  for  which  that  city  has  long  been  famous 
have  become  so  generally  known  by  its  name  that  the  title  is  here  retained  as 
their  proper  and  distinctive  designaticm.    There  is  no  other  name  for  them. 

The  question  of  the  relative  qualities  of  tlie  Neapolitan  and  Philadelphia 
creams  is  one  of  either  odncation.  taste,  or  comfort.  Tliose  who  are  fond  of 
eggs  and  custards  will  prefer  the  former;  those  who  are  partial  to  pure  cream, 
as  well  as  those  with  whom  eggs  do  not  agree,  will  choose  the  latter. 

A  typical  formula  for  the  vanilla  cream  is  also  given  on  page  60  as 
follows : 

Three  quarts  of  cream,  IJ  pounds  of  sugar,  and  1i  ounces  of  the  mixlure  of 
sugar  with  finely  jiowdercd  Mexican  vanilla  bean,  .above  described. 

Following  this  I'ecipc  are  given  recipes  for  chocolate,  chocolate  cara- 
mel, coil'ee,  white  coffee,  caramel,  pistachio,  almond  pistachio,  almond, 
sweet  almond,  burnt  almond,  orgeat,  filbert,  burnt  filbert,  hazelnut, 
walnut,  chestnut,  lemon,  orange,  ])ineai)ple,  banana,  strawberry, 
raspberry,  peach,  apricot,  nectarine,  plum,  cherry,  apple,  currant,  and 
grape.  In  none  of  these  are  any  components  admitted  except  the 
cream  and  sugar,  save  the  proper  flavoring  matters  derived  excUi- 
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si\cly  from  the  substances  mentioned.  This  classification  is  by  far 
the  most  rational  and  satisfactory  of  any  that  I  have  been  able  to  find 
ill  (itlier  authors.  Xearly  all  the  other  authors  admit  indiscriminately 
t"  I  he  name  of  ice  cream  all  the  various  compounds  which  have  been 
.lr-c  ribed. 

Among  other  authorities  of  this  kind  I  may  mention  "Mrs.  Lin- 
ri  .1  ii"s  Boston  Cook  Book."  Roberts  Bros.,  edition  of  1897.  This  author 
L!i\('s  the  formula  for  Philadelphia  ice  cream  and  Neapolitan  ice 
'  Tiiiiu  exactly  in  harmony  with  the  author  just  quoted.  The  follow- 
iiiL;-  uaive  statement  is  made  on  page  3G3: 

If  cream  can  not  be  obtainetl  beat  the  whites  of  the  eggs  till  foamy,  and  add 
them  just  before  freezing.  No  matter  how  many  eggs  are  nsed,  a  little  cream,  if 
not  more  than  half  a  cupful,  is  a  decided  improvement  to  all  ice  creams.  It  is 
better  to  make  sherbet  or  fruit  and  water  ices  than  an  inferior  quality  of  ice 
cream  with  milk.  Ice  creams  are  richer  and  mold  better  when  made  with 
gelatin,  but  care  must  be  taken  to  flavor  highly  to  disguise  the  taste  of  the 
gelatin. 

In  "  Mrs.  Rorer's  New  Cook  Book,"  edition  of  1903,  it  is  stated, 
page  GOO : 

To  make  good  ice  cream  it  is  first  necessary  to  have  a  good  quality  of  cream. 
Scald  half  the  cream  to  prevent  excessive  .swelling.  Where  fruits  are  used  they 
must  be  mashed  and  added  after  the  cream  is  frozen. 

The  formula  for  peach  ice  cream  admits  only  cream,  the  fruit,  and 
granulated  sugar.  The  same  is  true  of  strawberry  ice  cream  and  rasp- 
berry ice  cream.  In  chocolate  ice  cieam  as  much  milk  is  admitted  as 
there  is  of  cream.  For  vanilla  ice  cream  nothing  is  admitted  except 
cream,  vanilla  bean,  and  sugar.  It  is  seen,  therefore,  that  Mrs.  Rorer 
ui^on  the  whole,  with  one  exception,  admits  nothing  but  cream,  flavor, 
and  sugar  into  her  products. 

Mrs.  Mary  J.  Lincoln  and  Anna  Barrows,  in  a  work  entitled  "  The 
Home  Science  Cook  Book,"  describe  ice  creams  and  other  frozen 
desserts  on  page  18(5  and  following.  The  general  luime  of  frozen 
desserts  is  given  to  the  wiiole  class.    The  authors  say: 

So  many  names  arc  given  to  diffenMit  frozen  d(>ssf>rts  lliat  a  few  words  of 
(•.\|ilan;iliiiii   arc  iicedeil. 

IVK    CllllAM. 

'I'liis  iiiiisisis  mainly  or  entirely  of  cream  and  takes  a  specilic  name  from 
tjic  sulistaiire   used    I'ol'  llavoriiig. 

iiiozi'N  rroDiNo. 

Ice  cream  or  custanl,  liiglily  llaMired.  and  roiilaiiiiiig  preserved  I'ruils  .-iMil 
mils  liccijiiies  I'l-ozen  laiddiiig. 

In  "Mary  Ivonald's  Century  Cook  I'.ook,"  edition  of  isnT.  the 
uutlun'  inclndes,  p.  188,  under  the  torni  "  ¥i\y/xn  Desserts,"  ice  creams. 
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water  ices,  parfaits,  mousses,  frozen  fruits,  punches,  and  sherbets. 
Ice  creams  are  classified  as  follows : 

Philadelphia  ice  creams  are  cream  sweetened,  flavored,  and  stirred  while 
freezing. 

French  ice  creams  are  custards  of  different  degrees  of  richness  stirred  wliilr 
freezing." 

Then  follow  the  definitions  of  parfaits,  bisques,  and  mousses,  which 
are  described  as  whipped  cream  with  or  without  eggs,  frozen  without 
stirring.    The  author  adds: 

These  creams,  in  different  degrees  of  richness  and  with  different  flavorings, 
give  an  infinite  variety,  and  their  combinations  and  forms  of  molding  give  all 
the  fancy  ices. 

Mrs.  Ronald  does  not  mention  gelatin  as  a  constituent  of  either 
straight  ice  creams  or  of  any  of  the  frozen  custards  or  desserts  which 
she  describes. 

In  "  Paul  Richard's  Pastry  Book.""  page  78.  is  found  the  follow- 
ing: 

The  best  and  richest  ice  creams  are  made  from  double  cream,  with  the 
addition  of  yolks  of  eggs,  sugar,  and  flavorings,  while  some  of  the  cheapest 
commercial  creams  are  made  from  milk  only,  without  eggs,  and  are  thickened 
with  gelatin,  corn  starch,  arrowroot,  sago,  and  other  preparations.  The  rich 
creams  which  contain  eggs  and  cream  frozen  in  patent  freezers  are  also  termed 
New  York  creams,  and  the  lighter  creams,  made  from  the  l)est  cream  and  with- 
out eggs,  Philadelphia  creams. 

On  page  82  it  is  stated  that  the  name  Philadelphia  ice  cream 
"  is  generally  applied  to  ice  creams  made  with  pure  cream  and  with- 
out any  eggs,  although  some  makers  u.se  about  5  eggs  to  each  gallon 
of  cream,  with  2  pounds  of  sugar." 

Under  the  head  of  commercial  ice  creams  the  author  says : 

Where  quantity  is  more  required  than  quality  ice  creams  are  made  from 
plain  cream,  half  milk  and  half  cream,  and  of  milk  only.  Starch,  arrowroot, 
and  sago  flour  in  proportion  from  3  to  G  ounces  to  each  gallon  is  boiled  into 
a  smooth  bnttor  with  a  part  of  the  milk  and  the  sugar,  strained,  cooled,  and 
frozen.  Colatiu  should  be  soaked  and  dissolved  in  warm  milk  but  not  boiled, 
as  this  would  cause  tlii'  milk  to  curdle,  .\bout  1J  to  2  ounces  of  gelatin  are 
used  for  1  g.-illon  (if  cream  and  milk.  Another  thickener  for  ice  creams  is 
used  cold.  Tlif  |ircpai-aliou  is  known  lo  the  trade  as  cream-thick;  it  is  some- 
thing like  a  dry  milk  powder.  The  thickener  is  nuxed  with  the  sugar  to  be 
used,  the  cold  milk  or  cream  added  gradually.  .Vs  soon  as  the  sugar  is  dis- 
solved the  cream   is  rc^ady  to  be  frozen. 

Caterers'  stiimhird  iic  cicani,  best  (|iiiilily,  iui-oriliug  to  Paul  Rich- 
ards, is  made  after  tlie  following  recipe: 

1  gallon  double  cream.  Ihnoi-.  TJ  pounds  sugar.  The  cream  is  made  by  the 
(old  i)rocess  and  is  used  liy  the  best  caterers  as  a  standard  preparation  from 
which  arc  made  many  of  the  fancy  creams,  fruit,  and  nut  creams. 
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Tn  the  "  Ice  Cream  and  Candy  Makers'  Factory  Guide."  edition 
of  1007,  are  found  the  following  notes  on  page  -1: 

Scalding  inilU  or  cream  means  to  bring  it  to  tUe  steaming  point  over  hot 
w-itcr;  never  allow  the  material  to  boil. 

Wlien  part  milk  is  used  the  cream  may  be  whiiiped  before  freezing. 

If  eggs  are  used  cook  them  with  the  milk  or  cream. 

Well  beaten  white  of  egg  added  to  a  frozen  sherbet  makes  it  creamy  and 
siiiiidth;  added  to  any  of  the  creams  will  make  it  smoother  and  lighter. 

iHiod  ice  cream  can  be  made  without  cream   (part  5). 

The  Philadelphia,  or  eggless.  cream  is  best  if  fruits  are  to  be  added. 

Cream  two  or  three  days  old  is  better  than  cream  oue  day  old. 

Scalded  cream  gives  greater  "  body  "  and  when  frozen  will  have  a  fine  grain. 

Ices  made  with  too  much  sugar  are  hard  to  freeze  and  sometimes  "  ropy ;"  if 
too  little  sugar  is  used  they  will  be  coarse  and  rough. 

Sour  fruits  should  be  added  to  the  cream  after  it  is  frozen. 

Rasiiberries,  lemons,  and  oranges  make  better  water  ices  than  ice  creams. 

On  page  5,  the  author  quotes  the  national  standards  for  ice  cream 
and  adds  the  following  comment : 

It  is  generally  thought  that  the  standard  has  been  set  too  high,  but  it  is  the 
law,  and  is  hi  the  right  direction,  as  it  protects  the  public  again.st  misrepresenta- 
tions, and  against  harmful  ingredients:  besides  it  does  not  prohibit  the  ship- 
ment of  creams  that  differ  from  the  standard,  but  it  simply  re(iuires  the 
.shipjier  to  designate  the  actual  quality  by  a  label. 

On  page  8,  in  describing  the  ice  creams  known  as  "  Philadelphia,"" 
the  author  says : 

Includes  .■ill  the  various  creams  made  of  i)Ure  cream,  without  eggs. 

Part  7  of  this  work  is  devoted  to  "  commercial "  ice  cream.  The 
first  fonmila  given  is  that  of  "  fortuna  '"  cream,  of  which  it  is  stated 
that  this  fornmla  made  a  fortune  for  its  originator.     It  is  as  follows: 

4  gallons  20  per  cent  cream,  1  gallon  condensed  milk,  1  gallon  fresh  milk, 
4  ounces  gelatin,  7  i)ounds  granulated  sugar,  3  ounces  vanilla  extract. 

Chicago  "  picnic  ""  ice  ci-eain  is  made  as  follows: 

14  (juarts  condensed  milk.  10  ijiiarts  fi-esli  milk,  s  pounds  graiiuliilcd  sugar, 
8  ounces  gelatin,  4  ounces  vanilla. 

Tiie  "  ('coiiomy  ""  formula  for  ice  cream  is  as  follows: 

U  gallons  fresh  milk.  10  jionnds  granulated  sugar.  10  ounces  gehitin.  4  ounces 
cornstarch,  4  ouucm's  vanilla  extract. 

'I'lie  aiithdi-  says,  after  describing  how  the  materials  are  mi.xed  to- 

gelliei-: 

It  Is  now  ready  to  freeze  and  when  frozen  will  be  smooth  and  fine  grained 
and  appear  as  if  made  from  cream.  It  will  never  be  blue  and  coarse,  cheap 
looking,  and  cheap  tasting,  like  milk  mi.xtures  generally. 
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The  "  Chicago  "  forniuhi  for  ioe  cream  is  as  follows: 

4i  gallons  cream,  1  gallon  eoudenseil  milk,  7  pouiuls  granulated  sugar,  f, 
ounces  gelatin,  4  ounces  vanilla  extract. 

After  describing  tlie  method  of  mixing  and  freezing  the  uutlmr 
says: 

Six  gallons  of  tbis  mixture  will  make  10  gallons  of  high-grade  ice  creniii, 
rich  and  smooth.     The  cream  should  be  several  days  old. 

Trade  journals  devoted  to  confectionery  and  ice-cream  making 
have  had  much  to  say  during  the  past  two  or  three  years  respecting 
ice  cream  and  the  method  of  its  manufacture. 

In  the  Confectioners"  Journal  of  May,  1907,  page  9-t,  the  editor 
says : 

Now  for  the  ice  cream  and  soda  water.  I'se  only  the  very  best  materials, 
and  don't  make  the  great  mistake  of  thinking  that  this  and  that  will  do,  but 
resolve  that  only  the  very  best  is  just  '"  good  enough '"  and  a  good  business  with 
a  fair  profit  will  be  the  reward.  As  cream  is  the  most  important  ingredient  in 
the  manufacture  of  ice  cream,  we  wish  to  say  a  few  words  about  the  same  be- 
fore we  go  into  details  of  the  manufacture  of  the  ice  cream.  Cream  is  classi- 
fied as  follows :  Single,  double,  and  butter  cream.  Single  cream  is  that  which 
is  skimmed  from  milk  twelve  hotn-s  after  milking,  a  "double"'  cream  is  allowed 
to  .stand  twenty-four  hours  before  it  is  skimmed,  while  butter  cream — which 
does  not  come  into  consideration  in  this  article — stands  thirty-six  hours  before 
skimming. 

Gelatin  is  not  mentioned  by  the  editor  as  a  component  of  ice  cream; 
he  sa3's,  however,  in  speaking  of  water  ices: 

In  order  to  smooth  water  ice  the  addition  of  raw  egg  white  is  best,  although 
glucose  and  gelatin  are  often  used  instead. 

In  the  same  journal  of  June,  1907,  on  page  90,  various  formulas 
are  given  for  making  different  kinds  of  ice  cream  and  ices.  The 
i-ecipes  given  for  ice  cream  contain  no  ingredients  except  cream  and 
sugar  and  the  flavor.  The  recipes  given  are  for  grape,  banana, 
bisque,  pistachio,  peach,  apricot,  filbert,  roasted  filbert,  walnut,  pine- 
apple, chen-y,  and  cocoanut  ice  creams.  The  formula  for  Neapolitan 
ice  cream,  however,  includes  the  customary  (juantity  of  eggs.  In 
"Answers  to  correspondents,"  on  page  94,  in  describing  ice  cream  to 
"  N.  M.,"  the  Journal  says: 

For  1  quart  of  evaporated  i  icain  use  2  quarts  of  milk,  then  add  1J  pounds  of 
sugar,  stir,  strain,  and  freeze.  Vmi  may  dilute  the  cream  with  1  jiint  of  water, 
but  as  this  will  make  an  inferior  article  we  can  not  recommend  it. 

In  this  connection  it  may  be  stated  that  the  trade  name  "  evaporated 
cream  "  is  simply  a  name  for  condensed  milk.  Therefore  the  ice 
cream  wiiich  the  Joui'nal  recommends  to  ''  N.  M."  is  not  at  all  like 
that  which  it  described  in  the  editorial  article. 
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In  the  same  journal  for  August,  1907,  are  given  additional  fornndas 
for  ice  cream.  In  speaking  of  Neapolitan  ice  cream  the  following 
language  is  used: 

This  is  no  special  cream ;  it  merely  consists  of  4  different  flavors  packed  lu 
l.iyers  into  briclv  molds  and  cut  into  slices  when  served.  The  first  layer  bein? 
"lange  or  lemon  water  ice,  next  strawberry  ice  cream,  then  chocolate,  and  lastly 
\  luilla  ice  c?"eam. 

This  is  quite  a  different  compound  from  the  formula  for  Neapolitan 
iic  cream  previously  referred  to  in  this  same  journal. 

In  the  same  journal  for  September.  1907,  page  101,  is  a  description 
of  ■'  elk  "  ice  cream,  which  is  made  as  follows: 

Place  10  yollis  of  eggs  into  a  farina  boiler,  add  2  vanilla  beans,  split  in 
halves,  set  on  a  very  slow  tire,  and  beat  the  yolljs  until  they  form  a  thick  body; 
remove  the  boiler  from  the  fire  and  beat  until  cold.  Now  make  Italian  meringue 
of  4  whites  of  eggs  and  9  ounces  of  sugar,  add  this  to  the  beaten  yolks,  and 
when  the  composition  is  entirely  cold,  add  1  strong  pint  of  whipped  cream. 
When  the  composition  is  well  mixed,  add  8  ounces  of  preserved  fruits  cut  into 
small  dice  and  soaked  in  good  maraschino,  and  last,  2  ounces  of  finely  crushed 
macaroons. 

It  would  be  a  little  difficult  if  this  were  a  puzzle  to  find  the  cream 
in  the  mixture. 

The  same  journal,  i^age  24,  gives  a  recipe  for  maple  ice  cream.  It 
April,  1907,  in  lesponse  to  a  query  asking  for  the  formula  of  New 
York  ice  cream,  makes  the  following  statement: 

There  are  almost  as  many  formulas  for  New  York  ice  cream  as  there  are  for 
plain  vanilla  ice  cream,  different  makers  having  widely  different  notions  as  to 
the  projier  ingredients  and  method  for  New  York  ice  cream. 

P^ollowing  this  was  a  number  of  recipes  for  making  a  substance 
called  "  New  York  ice  cream,"  each  of  them  differing  in  es^^ential  par- 
ticulars from  the  others. 

The  .same  journal,  page  24,  gives  a  recipe  for  maple  ice  cream.  It 
is  made  of — 

1  <piart  mai)Ie  syrup,  1  pound  granulated  sugar,  12  eggs,  2  qiiarts  sweet 
creiim,  20  pci-  cent  vanilla.  Hoil  sirup  and  sugar  and  poui'  in  :i  (liin  stream 
over  the  beaten  egg.s.  whisking  briskly. 

The  editorial  comment  on  the  formula,  wliich  is  fui-nisiied  lo  Harris 
Brothers,  Jamestown,  N.  Y.,  is  as  follows: 

It  would  seem  that  this  mixture  ouglit  to  make  nearer  i;  quarts  than  1  (unless 
tli(!  niaclilne  is  turned  at  slow  speed)  and  still  l)e  very  sniootli  and  full  bodied. 
'I'lic  proportion  of  sweetening  ingrcdieuts  is  abni)rniiil.  t'utting  tlie  sugai'  in 
lialf  would  improve  tlie  product.  The  milk  fat  contained  is  a|iproximately  9.5 
per  cent. 

It  is  evident  that  not  only  may  ice  cream,  as  conunonly  understood, 
be  made  of  anything,  but  the  jourmilistic  advice  is  to  swell  it  so  as 
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to  increase  its  bulk.     This  is  iuterestinj^  inasmuch  as  ice  cream  i^, 
bought  by  measure  and  not  by  weight. 

A  "  pure-food  ice  cream,"  tlie  newest  variety  to  which  my  attention 
has  been  called,  is  described  in  the  June  number  of  the  Ice  CVeam 
Trade  Journal,  page  18.     It  is  as  follows: 

Sweet  cream  5  quarts,  cooked  down  to  1  gallon,  being  careful  not  to  scorch 
it.  It  is  cooled  quiclcly  in  ice  and  stored  imtil  cold.  This  will  raise  the  test 
of  your  cream  and  will  give  body  to  your  Ice  cream.     Formula  is  as  follows: 

4J  gallons,  20  per  cent  cream,  1  gallon  condensed  cream  (your  own  make),  7i 
Iiounds  sugar,  3  ounces  of  best  gelatin,  3  ounces  of  vanilla. 

The  maker  of  the  recipe  adds : 

This  ought  to  make  10  gallons  of  as  high-grade  ice  cream  as  it  is  possible  to 
make  for  smoothness,  good  body,  and  elegant  flavor.  All  ice  cream  requires 
something  to  make  it  smooth  and  keep  it  so.  If  a  State  prohibits  gelatin,  would 
it  permit  the  use  of  rennet?  They  allow  it  to  be  used  in  cheese,  so  how  could 
they  ol)ject  to  it  in  ice  cream?     About  6  tablespoonfuls  would  answer. 

The  editor  of  the  Journal  makes  the  following  comment: 

We  can  see  no  reason  why  anyone  should  object  to  the  proper  use  of  rennet 
in  the  manufacture  of  ice  cream,  l)Ut  the  fact  remains  that  under  a  legal  stand- 
ard for  ice  cream  that  failed  to  mention  rennet  as  an  admissible  ingredient  its 
use  could  not  be  permitted. 

The  editor  of  the  Ice  Cream  Trade  Journal  in  the  issue  of  August, 
1907,  page  24,  malves  the  following  statement: 

SILLY  ACTION  PROPOSED. 

Prom  many  different  parts  of  the  country  come  reports  that  some  ice  cream 
manufacturers  are  preparing  to  chaaige  the  name  of  ice  cream  in  order  to  com- 
ply with  or  to  evade  the  law,  as  you  please.  If  manufacturers  are  making  ice 
cream  there  is  no  occasion  to  change  its  name;  if  what  they  are  making  is  not 
ice  cream  then  it  is  not  ice  cream  that  Is  to  be  given  a  new  or  a  changed  name. 

There  should  be  no  change  in  the  name  of  ice  cream.  What  there  should  be 
is  the  stiffest  kind  of  a  tight,  even  in  the  face  of  dire  threats  emanating  from 
Washington  and  divers  State  food-control  camps,  to  retain  the  name  "  ice 
cream  "  for  every  kind  and  quality  of  jiroduct  justly  entitled  to  bear  it  by  rea- 
son of  having  borne  it  since  the  time  when  the  name  came  into  common  use  as 
llu'  coiinnon  name  of  a  class  or  group  of  Ices  differing  from  that  class  or  group 
known  l>y  the  common  name  of  water  ices. 

In  (he  Ice  Cream  Trade  .lournal  for  September,  1907,  in  answer  to 
the  question  "'  AVhat  is  your  l)cst  foi'iiiula  for  I'^rcnch  ice  cream,"  the 
editor  says : 

It  is  rather  difflcult  to  offer  a  best  formula  for  French  ice  cream.  Below 
we  give  two  formulas,  the  second  of  which  is  similar  to  what  is  called  Delniouico 
ice  cream,  e.\cei)t  Iliat   the  proportion  of  mix  to  tinislicd  |iroduct  is  greatei'. 

First  formula,  for  to  (piarts:  L'l  whole  eggs.  I  pounds  sugar,  (i  ipiarts  cream, 
vanilla. 

Second  formula,  for  10  (|narts:  :!  iiuarts  cream.  :t  ciuai-ts  milk,  i;S  |ionlids 
sugar,  18  egg  yolks,  vanilla. 
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lieaily  the  cliief  difference  between  French  ice  cream  and  an  American  cream 
■  'iitaiuiug  eggs  is  that  it  is  much  more  solid  and  somewhat  smoother  because 
•  if  its  closer  grain,  and  this  is  due  to  its  being  frozen  in  such  manner  that  there 
is  not  much  increase  in  bulk. 

The  Ice  Cream  Trade  Journal  of  October,  1907,  contains  a  number 
111'  English  formulas,  submitted  for  the  purpose  of  showing  that 
I'^nglish  cream  ice  and  American  ice  cream  are  similar  products. 
I  hen  follow  7  recii^es  for  making  different  kinds  of  ice  cream.  All 
'<(  these  recijaes  contain  eggs,  but  iii)ne  of  them  gelatin  or  any  other 
>tifl'ener. 

.V  small  i^amphlet  entitled  "  Hand  Book  on  Ice  Cream,"  by  Adolph 
Kramer,  publislied  by  the  Sioux  Publishing  Company  and  received 
at  the  Department  of  Agriculture  on  July  5,  1907,  gives  interesting 
information  from  the  trade  standpoint.  The  pamphlet  is  only  12 
pages  of  a  single  colunui  each,  and  is  sold  for  $5  a  copy.  On  the  front 
page  occurs  the  following  statement : 

This  little  booklet  tells  you  how  to  manufacture  a  prime  ice  cream  at  30 
cents  per  gallon  equal  to  a  full  cream  and  perfectly  healthful ;  formulas  for 
fancy  creams,  fruit  ices,  fruit  frosts,  sherbets,  whipped  cream,  etc.  This  book- 
let is  worth  .flOO  to  you. 

On  page  3  occurs  the  following  language : 

Ice  cream  at  10  cents  per  gallon  sounds  good  to  you,  doesn't  it?  Of  eour.se  it 
does.  *  *  *  Ice  cream  has  been  made  and  used  in  this  country  for  over  one 
hundred  and  ten  years  and  it  has  increased  in  popularity  every  day  since  and 
will  continue  to  do  so.  The  Italians  claim  the  honor  of  first  presenting  ice  in 
solid  form,  and  for  that  reason  it  is  presumable  that  the  name  "  Neapolitan  " 
as  applied  to  ice  cream  will  never  become  obsolete.  The  name  "  Xeapolitan  " 
is  applied  to  custard  cream  in  general.  It  is  also  used  to  designate  a  fancy 
cream.  The  day  for  using  a  straight  cream,  testing  from  25  per  cent  to  30  per 
cent  of  butter  fat,  has  gone  by  and  should  go  by,  though  some  manufacturers 
claim  they  are  using  20  per  cent  butter  fat  test  and  producing  all  cream  and 
I  hat  their  trade  is  constantly  increasing.  However  that  may  be  a  full  cream  is 
loo  rich  for  the  ordinar.y  person's  stomach.  Manufacturers  should  aim  to  i)ro- 
duce  an  ice  cream  that  any  person  with  a  weak  stomach  should  be  able  to  eat  all 
ho  wants  without  fear  of  l)eing  made  sick,  and  such  a  cream  is  just  as  pleasing 
to  the  taste  and  just  as  ht^althful  and  far  more  satisfactor.v  than  a  straight 
cream,  not  taking  into  consideration  the  extra  profit  for  the  manufacturer.  The 
author  has  analyzed  a  large  number  of  the  i)reparations  on  the  market  which  is 
used  to  improve  and  lessen  the  cost  of  ice  cream,  and  when  you  have  read  this 
little  booklet  through  you  will  be  able  to  use  your  own  preparations  witliout 
paying  s<mieone  (^Ise  ],()()0  per  cent  profit,  like  some  of  tliem  on  the  market. 
Dextrine!  Dextrine!  Dextrine  flour  is  one  of  the  ))rincipal  ingredients  that 
does  the  trick.  Now,  this  article  is  perfectly  healthful  and  will  give  good  sjitis- 
factlon.  It  doubles  the  quantity,  .saves  one-half  the  labor,  saves  one-half  of  the 
ice,  and  saves  one-half  of  the  salt.  It  keeps  them  twice  as  long,  it  will  not  .sepa- 
rate, and  will  not  ice.  T'.y  its  us(>  whipped  cream  can  be  made  of  2ri  per  cent 
cream  in  half  the  time  and  stand  twice  as  long  as  50  per  cent  without  it.  It  will 
make  good  ice  cream  from  pure  milk. 
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Then  follow  directions  for  making  all  forms  of  cream.  On  page 
9  is  the  formula  for  ice  cream  at  10  cents  per  gallon,  which  is  as 
follows : 

It  is  possible  to  produce  a  good  ice  creini  for  10  cents,  figuring  milk  as  II 
cents  per  gallon.    Here  is  the  formula  : 

Powdered  gelatin  7  pounds,  dextrine  flour  3  pounds,  mix  thoroughly.  *  *  * 
A  powdered  gelatin  good  enough  for  this  may  be  bought  for  20  cents  per 
pound  at  the  factory,  and  dextrine  flour  for  ?,  cents  per  pound.  Dextrine  may 
be  bought  from  any  glucose  refinery. 

One  pound  of  the  above  mixture  at  1.5  cents  and  5  gallons  of  milk 
at  14  cents  a  gallon  are  the  directions  given  for  the  final  process. 

The  evidence  cited  shows  that  the  products  which  have  been  sold  as 
"  ice  cream  "  for  many  years  in  this  country  may  be  of  almost  any 
possible  composition.  We  have  found  recommended  for  use  in  its 
composition,  milk,  skimmed  milk,  condensed  milk,  evaporated  milk, 
vegetable  gums,  starch,  dextrine,  flour,  eggs,  gelatin,  and  other  sub- 
stances. A  formula  has  been  offered  for  making  ice  cream  that  costs 
not  more  than  10  cents  per  gallon.  It  is  evident  that  many  of 
these  substances  are  used  simply  because  they  are  cheap  and  add 
bulk  to  the  mixture  and  without  any  regard  to  their  relations  to 
health  and  digestion.  So-called  ice  cream,  having  a  definite  name,  it 
has  been  shown  by  the  trade  journals,  is  made  up  according  to  a  half 
dozen  formulas,  so  that  it  is  impossible  to  state  what  an  ice  cream 
called  by  a  definite  name  is.  There  is  no  uniformity  followed  in  its 
manufacture,  the  sole  object  seeming  to  be  to  make  it  as  cheap  as 
possible  and  still  secure  a  market  therefor.  It  is  evident  from  the 
authorities  that  the  consimier  is  not  given  any  kind  of  information 
at  all  when  he  purchases  a  substance  known  as  ice  cream,  except  per- 
haps that  it  is  frozen.  Even  this  does  not  seem  at  all  times  to  be 
necessary,  since  ice  cream  has  been  offered  and  guaranteed  to  stand  up 
for  hours  after  it  has  been  removed  from  the  freezing  machine. 

Having  given  in  the  preceding  pages  a  summaiy  of  the  authorities 
respecting  the  compositicm  of  ice  cream,  it  is  possible  now  to  have 
a  clear  vision  of  the  significance  of  this  term  in  commerce  before 
the  advent  of  the  food  and  drugs  act.  A  study  of  the  data  will  show 
m  the  first  place  that  the  frozen  custard,  Avhich  is  said  to  have  had 
its  origin  at  Naples  and  which  in  this  country  has  been  known 
as  Neapolitan  ire  crciini,  never  was  known  in  the  country  of  its  origin 
as  ice  cream,  l)iil  liy  ullier  terms  entirely  different  in  signification. 
In  general,  it  may  be  said  that  the  term  ice  cream  is  not  used  in  any 
of  the  European  countries,  nor  has  il  ever  been  used  with  the  possible 
exception  of  its  occurrence  of  late  years  in  English  menus,  due  to 
the  crowd  of  Americans  who  visit  England  every  year,  especially 
during  the  surmiier  season.  The  claim  therefore  that  any  kind  of 
a  pudding,  or  mixture  of  any  description,  has  from  the  first  been 
called  ice  cream  does  not  ajJi^eur  to  be  sustained  by  the  evidence. 
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Til  regard  to  the  Amei'ican  custoiii,  it  appears  plainly  from  the 
autliorities  quoted  that  there  has  always  been  made  in  this  coimtry  a 
genuine  ice  cream  composed  solely  of  rich  cream,  sugar  and  harmless 
flavor,  and  this  substance  has  been  recognized  and  sold  as  ice  cream 
from  the  very  first.  It  has  very  often  been  designated  in  this  country 
as  Philadelphia  ice  cream,  and  this  prefix  indicated,  at  least  to  the 
trade,  the  character  of  the  goods.  The  term  "  Philadelphia  ice 
cream,"  however,  would  caiTy  no  meaning  to  the  consumer  except 
one  of  a  geographical  signification.  The  claim  therefore  which  has 
lieen  made  that  I'eal  ice  cream  has  not  always  been  made  and  sold 
in  the  United  States  does  not  appear  to  be  verified  by  the  authorities 
which  have  been  cited.  It  is  only  fair  to  presume  that  Philadelphia 
is  not  the  only  town  in  which  such  ice  cream  has  been  made,  but  that 
it  has  been  made  very  generally  in  all  parts  of  the  country.  Hence 
it  appears  as  established  beyond  an}^  reasonable  doubt  that  a  real  and 
genuine  ice  cream  has  always  been  an  article  of  commerce. 

The  claim  that  has  been  made  that  the  people  do  not  want  genuine 
ice  cream  must  be  considered  from  two  points  of  view.  If  by  this 
is  meant  that  the  people  in  general  want  an  ice  cream  as  cheap  as  it 
can  be  bought,  then  the  claim  may  be  regarded  as  a  fact.  If,  on  the 
other  hand,  it  is  meant  that  consimiers  do  not  like  the  taste  of  genuine 
ice  cream,  there  seems  to  be  no  evidence  whatever  in  the  way  of  its 
verification.  Experience  has  shown  that  not  only  do  the  people,  as 
a  rule,  like  genuine  ice  cream,  but  they  prefer  it  to  any  kind  of  frozen 
custard  which  may  masquerade  under  the  name  of  ice  cream.  The 
claim  which  has  been  made  that  genuine  ice  cream  is  not  wholesome 
also  lacks  any  kind  of  evidence.  The  fact  that  physicians  prescribe 
genuine  ice  cream  for  invalids  is  an  indication  that  it  is  regarded  by 
the  medical  profession  as  a  wholesome  article  of  diet.  It  is  undoubt- 
edly true  that  on  account  of  its  richness  in  butter  fat  genuine  ice 
cream  is  an  article  of  diet  which  should  be  consumed  in  some  modera- 
tion, not  only  by  the  sick  but  also  by  the  well.  There  is  no  evidence 
whatever  to  show  that  genuine  ice  cream  is  unwholesome  in  any 
degree  except  it  may  be  contraindicaled  in  certain  diseased  conditions 
of  the  stomach  or  digestive  organs,  or  may  be  eaten  in  excessive  quan- 
tities. These  facts,  however,  can  not  in  any  sense  be  cited  as  evi- 
dence of  unwholesomeness.  On  the  contrai-y,  it  may  be  said  with 
full  assurance  of  verification  that  the  average  consumer  prefers  the 
genuine  ice  cream  to  any  of  the  mixtures  whicli  may  be  substituted 
tlierefoi".  It  is  recommended  by  its  organoleptic  properties  as  supe- 
rior to  the  mixtures  containing  various  added  substances,  used  chiefly 
to  give  bulk  oi-  firmness  to  the  mass.  From  the  point  of  view  of  the 
general  consmiicr  Ihe  genuine  ice  cream  is  to  be  preferred  foi-  pala- 
tubility  to  any  of  its  substitutes. 
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ICE   CREAM   STANDARD. 

The  standard  for  ice  cream  was  suggested  Ijy  the  committee  on 
standards  after  a  long  and  careful  study  of  the  composition  of  ice 
cream,  and  the  general  character  thereof,  the  meaning  of  the  temi, 
and  the  desirabilitj^  of  having  it  under  the  food  law  express  some 
definite  meaning.  The  form  in  which  it  was  finally  established  is 
found  in  circular  Xo.  19,  of  the  Office  of  the  Secretary'  of  Agriculture, 
issued  June  26,  1906.  page  T.    The  standards  read  as  follows: 

1.  Ice  cream  is  a  frozen  product  made  from  cream  and  sugar,  with  or  with- 
out a  natural  flavoring,  and  contains  not  less  than  14  per  cent  of  milk  fat. 

2.  Fruit  ice  cream  is  a  frozen  product  made  from  cream,  sugar,  and  sound, 
clean,  mature  fruits,  and  contains  not  less  than  12  per  cent  of  milk  fat. 

3.  Nut  ice  cream  is  a  frozen  product  made  from  cream,  sugar,  and  sound, 
nonrancid  nuts,  and  contains  not  less  than  12  per  cent  of  milk  fat. 

No  standards  were  made  for  other  varieties  of  ice  cream. 

Before  these  standards  were  issued  full  opportunity  was  given 
to  the  trade  to  discuss  the  tentative  standards  which  had  been  pro- 
posed and  on  which  criticism  and  ad^^ce  were  asked.  All  this  evi- 
dence was  considered  carefully  by  the  committee  before  the  final 
publication  was  authorized  by  the  Secretary  of  Agriculture.  Some 
of  it  was  favorable  to  the  creation  of  a  standard  and  some  opposed 
thereto.  In  order  that  the  subject  may  be  fairly  presented,  excerpts 
from  this  evidence  are  submitted.  I  give  first  the  remarks  made  be- 
fore the  standards  committee  at  its  meeting  in  Louisville  in  Decem- 
ber, 1906.  bj'  Mr.  Samuel  R.  Kennedy,  Pennsylvania,  and  then  of 
others  representing  ditferent  views: 

Ice  cream  was  originall.v  invented  by  Florin  in  the  city  of  Naples  in  simny 
Italy  about  a  century  and  a  half  ago  and  to-day  it  is  still  made  and  sold  in 
Florin's  cafe  by  his  lineal  descendants.  It  was  composed  of  honey,  fresh  eggs, 
and  sweet  cream,  which  was  frozen  in  long  cylindrical  shapes  of  various  colors 
and  served  in  a  wine  glass.     »     »     * 

The  agitation  i)roduced  by  the  pas-sage  of  the  pure-food  law,  establishing  a 
standard  for  ice  cream  has  occasioned  greater  interest  than  anything  heretofore 
known  to  tlie  trade  and  all  with  one  accord  have  begun  to  query  and  question 
"  where  are  we  at,"  and  what  will  we  do  for  a  thickener  and  what  formula  or 
"  mix  "  shall  we  adopt  to  comply  with  the  new  law  which  goes  into  effect  upon 
January  1,  1907. 

The  law  defines  ice  cream  to  be  composed  of  cream,  sugar,  flavor,  nuts,  and 
fruit;  and  the  commission  created  under  the  law  has  set  the  standard  at  14 
per  cent  butter  fats  for  vanilla  and  chocolate  ice  cream  and  12  per  cent  for 
fruits  and  nut  ice  cream. 

It  has  become  the  custom  for  several  years  past  for  the  trade  to  use  gelatin 
and  refined  glue  under  variou.s  proprietary  names  to  "body  up,"  and  "thicken" 
and  adulterate  for  the  pnriwse,  ostensibly  of  improving  the  i^roduct,  with  any- 
where from  11  ounces  to  7  ounces  of  this  product  of  the  vat  from  abattoirs, 
consisting  of  horns,  hoofs,  pieces  and  scraps  of  skin,  hides,  shin  bones,  and 
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nther  unwholesome  matter  from  our  own  and  South  American  slaughterhouses. 
The  respectable  manufacturers  or  makers  of  ice  cream  did  not  use  gelatin  or 
i.ther  thickeners  for  the  purpose  of  cheapening  their  product,  but  for  the  pur- 
pose of  producing  the  velvet  smoothness  so  much  admired,  and  also  for  the 
purpose  of  insulating  the  frozen  watery  or  aqueous  portion  of  the  cream  and 
preventing  it  from  swimming  or  turning  into  "  soup,"  upon  the  slightest  ex- 
posure. To  avoid  this  dilemma,  the  cream  had  in  the  past  been  reenforced  or 
"bodied  up"  by  making  custard  (hot  or  cold),  the  old  and  ancient  practice 
of  adding  fresh  eggs  and  heating  gently  to  form  a  custard  or  by  adding  corn- 
starch, arrowroot,  potato  starch,  gum  arable,  or  tragacanth,  ground  gelatin, 
tapioca,  etc.,  some  of  these  not  requiring  heat  to  form  a  mucilaginous  body  in 
the  cream,  aided  in  keeping  the  ice  cream  Hrm. 

The  use  of  same  is  now  prohibited  under  the  new  law  under  a  penalty  that 
will  prevent  even  the  lawless  from  risking  its  execution.  There  is  some  hard- 
ship to  the  commercial  ice  cream  in  the  double  standard.  Ice  cream  as  ordi- 
narily made  is  run  up  in  10-gallon  batches  from  5i  to  C  gallons  "mixes,"  and 
after  being  "  doubled  "  and  "  frozen,"  and  then  flavored,  and  rerun  long  enough 
to  diffuse  the  fruit,  extracts,  nuts,  coloring,  etc.,  evenly  and  imiformly  through- 
out the  mass,  it  is  then  packed  in  "  packers,"  or  suitable  tins  to  suit  the  cus- 
tomers' orders  and  hardened  ready  for  sale,  shipment,  and  delivery. 

Now,  by  this  method  it  is  quite  impracticable  to  the  ordinary  manufacturer 
to  make  exactly  the  quality  of  the  two  standards,  for  instance,  lemon  and 
vanilla  are  flavored  almost  identically  by  the  same  quantity  of  extract,  but 
the  one  under  the  law  may  contain  12  per  cent  butter  fat  and  the  other  must 
contain  14  per  cent,  while  chocolate  ice  cream,  which  is  enriched  by  at  least 
1  pound  of  cocoa  butter  fat,  can  be  the  same  as  vanilla. 

I  would  therefore  respectfull.v  ask  the  committee  upon  food  standards  to 
make  a  uniform  standard  of  the  lower  quantity  named,  viz,  12  per  cent  and  re- 
quire all  ice  cream  to  be  made  of  that  quality  or  above  it. 

In  making  •'  runs  "  of  "  fruit "  ice  creams  it  is  the  practice  to  dip  off  a  gallon 
of  cream  after  being  "run  up"  or  "doubled"  and  fill  in  a  gallon  of  crushed  or 
macerated  fruit,  and  thus  the  standard  is  involved,  and  there  is  a  risk  of  an 
lionest  manufacturer  disturbing  the  percentage,  as  ice  cream  in  tlie  soft  state  is 
difficult  to  measure  with  a  dipper. 

Xext  the  variation  of  the  cream  supplied  to  the  manufacturer  is  beyond  his 
'•ontrol  and  would  necessitate  his  calling  in  the  chemist  as  a  daily  assistant 
to  keep  the  milk  dealer  and  creamery  man  up  to  his  contract. 

The  reputation  of  ice  cream  as  a  delicacy  and  a  food  for  the  sick  was  not 
achieved  by  the  large  manufacturers  who  now  are  the  largest  "calamity  howl- 
ers" over  the  hardships  of  the  new  law,  but  b.y  the  small  confectioners  who 
made  a  neighborhood  reputation,  *  *  *  imt  as  ice  cream  became  more  and 
more  popular,  the  machinerj'  supply  man  began  to  manufacture  machines  for  the 
trade,  the  long  cherished  secrets  and  formulas  slipped  into  other  hands  and 
books  of  reci|i('s  were  ])ubllshed.  Then  came  the  steam  ice  cream  factory  with 
its  dirt  and  sl(i|i — dark,  damp,  noisome,  underground,  or  above  ground,  in  some 
slalile  or  sIkhI — the  whirring  .lud  buzzing  w(U'k  went  on  and  fierce  competition 
di-ove  down  prices,  and  along  came  the  "devil  with  his  glue  bag.s,"  tempting 
with  his  arguments,  a  "bigger  yield,"  "less  Ice,"  "more  velvety  smoothness," 
"fast  runs,"  "saving  coal  and  ice."  "nonnielting  qualify."  use  "more  milk" 
"less  cream,"  until  after  while  "glue  aiul  w.iter"  began  to  jilay  ai\  Inqiortant 
part  in  the  largest  establishments  run  by  steam  aiul  electricity. 

There  has  grown  Into  general  use  the  last  thirty  or  more  years  among  the 
more  respectable  Ice  cream  makers,  the  additloil  of  a  gallon  of  so-called  heavy 
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evajiorated  creaui  or  plaiu  superheated  (•(dulensed  uiilk   (unsweetened)   to  each 
4  or  5  gallons  of  20  to  22  per  cent  cream. 

Tills  was  a  pure  whole  milk  concentrated  "  in  vacuo  "  to  about  three  to  four 
times  the  thickness  of  the  richest  milk  and  served  as  a  thickener  without  bein:.; 
foreign  to  the  dairy  or  the  cow ;  this  avoided  the  necessity  for  using  thickeners, 
starches,  cornstarch,  potato  starch,  arrowroot  starch,  gums,  gum  tragacanth, 
Senegal,  Arabic,  etc.,  and  made  a  beautiful  smooth  velvet-like  product  and 
double  as  much  as  cream  alone  would  do.  It  had  the  advantage  of  purity, 
wholesomeness,  digestibility,  and  cost  about  the  same  as  cream.  It  would 
prevent  the  cream  from  swimming  when  dished  up,  or  when  transported  long 
distances  to  customers  who  lived  out  of  town  in  the  summer  time;  but  this 
formula  was  only  used  by  the  best  family  ice  cream  jturveyors,  as  "  glue  was 
cheai)er ;"  the  "  lordly  mushroom  "'  compounders  could  not  afford  to  drop  the 
large  doses  of  water  glue  that  enabled  them  to  work  up  into  "  the  only  abso- 
lutely pure  Ice  cream." 

The  term  cream  should  be  also  understood  under  the  new  pure-food  law  by 
the  ice  cream  trade. 

The  standard  for  cream  calls  for  not  less  than  IS  per  cent  of  butter 
fat,  and  it  is  liberal  iu  several  respects,  as  it  does  not  designate  hand- 
skimmed  cream,  pasteurized  cream,  separator  cream,  centrifugal  cream  solidified 
cream,  or  evaporated  cream,  if  they  come  up  to  the  standard  of  not  less 
than  18  per  cent  butter  fat.  This  will  be  a  great  help  to  the  Ice-cream 
solidified  cream,  or  evaporated  cream,  if  they  come  up  to  the  standard  of  not 
less  than  IS  per  cent  butter  fat.  This  will  be  a  great  help  to  the  ice-cream 
maker,  for  so  long  as  he  uses  this  or  a  higher  standard  he  will  be  sure  of  com- 
ing up  to  the  standard  required  by  law.  Some  provisions  should  be  provided 
imder  the  law  to  suppress  some  grades  of  frozen  mixtures  now  upon  the  mar- 
ket posing  as  cheap  ice  cream  which  do  not  contain  cream,  evaporated  cream, 
whole  milk,  or  a  trace  thereof,  and  which  are  sold  to  children  who  have  only 
a  few  pennies  to  sjiend  and  want  as  much  for  their  little  sum  as  possible. 
While  I  recognize  that  frozen  custard,  frozen  junket,  and  frozen, jellies  can  be 
made  clean  and  wholesome,  I  think  it  is  but  right  that  poor  men's  children 
.should  be  safeguarded,  and  I  hope  that  the  pure-food  commission  and  the  com- 
mittee upon  food  standards  will  make  a  low  standard  as  well  as  a  higher  one 
and  will  interest  the  Deiiartment  in  the  subject  so  that  the  popular  cheap 
frozen  products  within  the  reach  of  the  humblest  citizen  may  be  safeguarded 
by  the  august  eye  of  the  law  and  be  subject  to  the  intelligent  scrutiny  of  the 
chemical  inspection  of  tlie  Department. 

It  is  my  opinion  that  all  the  trade  are  desirous  of  living  up  willingly  to  the 
standards,  and  in  fact  they  see  the  beginning  of  better  trade  conditions  and 
higher  prices  as  a  result.  While  it  has  placed  them  in  a  quandary  as  to  how  to 
)>roceed  in  the  premises,  as  the  instructions  thus  far  have  been  quite  meager, 
nevertheless  I  am  confident  they  will  be  glad  to  accept  the  new  standard.  It 
would  however  materially  assist  if  the  I)(>pMrtni('nt  would  in  due  course  issue 
a  bulletin  which  would  give  instrurlioiis  as  f.-ir  as  dccmca  advisaliU;  by  your 
Departmeul. 

CRITICISM   OF   E.   0.   ECKKKT  AND  OTIIEU.S. 

Dr.  E.  G.  Eokort.  Secretary  of  (lie  Too  ("roam  IManufaolurers' 
Association  of  Pennsylvania,  made  (he  I'ollowino;  statement  at  the 
national   convention  of  ice-cream  maliers  held   in  Chicuo;o  in  Feb- 
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iimry,  1907.    The  account  is  taken  from  the  Ice  Cream  Trade  Jour- 
nal of  February-March,  1907: 

reunsylvania  is  the  Keystone  State  and  seems  to  take  the  initiative  in  most 
ihiiigs  political.  We  do  not  have  a  Matthev?  Stanley  Quay  any  longer,  but  we 
lin\e  some  people  who  have  learned  politics  from  Matthew  Stanley  *  *  *. 
\\C  are  free-born  citizens  and  we  do  not  propose  to  have  any  commissioner  of 
.iLHiculture  or  his  coterie  of  associates  tell  us  what  to  do  as  against  that  which 
li:is  been  done  for  one  hundred  and  fifty  years.  We  had  with  us  at  Ilarrisburg 
Si'uator  Tustin,  chairman  of  this  committee,  who  assured  us  that  he  recog- 
nized that  there  was  an  injustice  being  done  to  a  manufacturing  industry 
w  liich  ought  not  to  be  tolerated.  We  are  untiring  in  our  efforts  to  bring  about 
I  III'  passage  of  a  pure-food  law  which  will  benefit  the  public  without  injuring 
iii.inufacturers  and  dealers.  We  do  not  want  .-i  law  that  makes  standards.  I 
111!  not  in  favor  of  any  standard.  When  you  ask  for  1  per  cent  or  2  per  cent  or 
■-  iH-r  cent  of  butter  fat  in  lee  cream,  you  are  asking  for  an  arbitrary  standard. 
w  !■  are  Americans.  Our  standard  is  as  high  as  the  heavens,  and  whatever 
i  1 11] lie  want  and  are  willing  to  pay  for  give  them.  *  *  *  you  must  get  your 
Slate  association  organized  and  prevent  the  insertion  in  the  agricultural  bill  in 
tile  Senate  of  a  provision  for  standards. 

Mr.  Thos.  E.  Lannen,  a  lawyer,  also  addressed  the  convention  on 
the  subject  of  standards!     During  the  address  he  said : 

•'  My  only  suggestion  at  the  present  time  on  this  standard  for  ice  cream  would 
be  to  adopt  a  standard  which  will  permit  you  to  conduct  your  business  as  you 
have  been  doing  it  in  the  past,  and  if  there  is  any  practice  going  on  in  your 
industry  which  is  illegal  and  which  in  the  minds  of  the  majority  of  the  men 
present  here  to-day  should  not  be  jiermitted  then  you  should  draft  such  a  stand- 
ard as  will  stamp  out  that  practice." 

Mr.  N.  Lowenstein,  Secretary  of  the  Sethness  Company,  of  Chicago, 
in  the  cour.se  of  his  addre.ss  respecting  the  standards  for  ice  cream, 
said : 

"  In  answer  to  a  telegram  which  I  sent  to  the  two  Senators  from  Illinois 
1  have  a  reply  from  one  of  them,  reading  as  follows :  '  Your  telegram  of  re- 
cent date  is  at  hand,  and  contents  noted.  Your  suggestion  relating  to  the  pro- 
posed provision  regarding  food  standards  in  the  agricultural  bill  shall  receive 
due  consideration  I  can  assure  you.'  " 

It  may  be  said  in  passing  that  the  ice  cream  makers  were  not  the 
only  persons  who  endeavored  to  have  the  authority  to  fix  food  stand- 
ards abolished.  There  are  many  other  manufacturing  interests  which 
object  to  any  standard  whatever  being  .set  for  their  products.  The 
standard,  however,  for  ice  cream  to  which  objection  was  made  was 
established  long  before  the  authoi'ity  to  establish  standards  was  with- 
drawn. Continuing,  Mr.  Lowenstein  said,  speaking  of  the  authority 
to  fix  standards: 

"Certain  interests  endeavored  lo  have  lliis  .eiame  provision  inserted  in  the 
agricultural  approprialion  liill  nl'  T.IOI,  I!i(i.">,  lilOt!,  and  again  this  year,  and  in 
each  instance  it  was  lulcil  out  on  a  iminl   of  order  as  irregular  legislation. 
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Efforts  were  made  to  have  tliis  objectionable  provision  reinserted  in  the  Senate 
bill  and  a  great  many  food  manufacturers  and  organizations  immediately  com- 
municated with  their  Senators  reciuestin^;  that  no  one  be  given  arbitrary  power 
to  fix  food  standards  under  the  agricultural  appropriation  bill." 

Mr.  Jackson,  of  Sterling,  111.,  said  in  the  same  Journal : 

My  formula  consists  of  milk,  cream,  condensed  milk,  and  gelatin,  and  I 
worked  that  out  by  days  of  experimenting.  *  *  *  xhe  result  is  I  manu- 
facture 40,000  gallons  of  ice  cream  every  year  and  I  never  have  a  complaint. 
I  ship  it  from  Sterling  up  to  Dixon  and  to  Freeport  and  over  to  Galena  and 
down  to  El  Paso,  even  down  to  Wheaton,  a  suburb  of  Chicago.  One  of  my  cus- 
tomers is  the  best  drug  store  in  Wheaton.  The  smallest  children  eat  our  ice 
cream  in  quantities.  My  youngest  child  was  fed  ice  cream  before  he  was 
through  nursing.  He  is  three  years  old  now  and  gets  from  2  to  3  dishes  of  it 
in  hot  weather,  4  or  5  if  he  wants  them.  The  doctor's  bill  for  my  entire  family 
is  not  over  $5  a  year. 

Extracts  from  the  remarks  of  Mr.  Chisholm  read  as  follows: 

I  believe  in  giving  the  people  what  they  want.  We  have  in  our  place  gentle- 
men who  make  what  they  call  a  pure  cream,  cream  that  they  do  not  use  any 
gelatin  or  anything  of  the  kind  in.  We  have  held  customers  against  men  who 
claim  to  make  a  pure  cream  of  14  per  cent  without  any  gelatin.  People  de- 
mand a  cream  that  is  not  so  rich  as  14  per  cent.  I  would  like  to  speak  a  word 
in  regard  to  what  the  gentleman  from  Sterling  said  about  the  question  of  cream. 
He  seems  to  think  that  if  we  adopt  that  14  per  cent  .standard  we  shall  decrease 
the  amount  of  ice  cream  u.sed.  We  very  likely  would.  Suppose  we  decreased  it 
25  per  cent  we  would  still  have  to  increase  the  amount  of  cream  we  use  in 
order  to  make  that  amount  of  ice  cream,  according  to  my  way  of  figuring. 
Where  are  we  going  to  get  that  cream?  It  will  not  put  the  cream  back  to  the 
creamery ;  we  shall  have  to  put  up  the  price  more  than  20  per  cent  over  what  the 
creamery  now  pays,  as  he  says  he  has  been  doing.  In  order  to  get  the  cream 
we  shall  have  to  take  it  away  from  the  creamery  and  pure  butter  will  go  up. 
Suppose  it  does  not  decrease  the  amount  of  ice  cream  that  we  sell  25  per  cent. 
If  we  are  now  making,  say  7  per  cent,  take  that  as  an  illustration,  if  we  go  to 
making  14  per  cent  it  takes  twice  as  much  cream  as  it  does  now.  Where  arc 
we  going  to  get  it?  It  not  only  increases  the  price  of  cream  we  sell  by  the  value 
of  the  extra  cream  used  but  all  the  cream  we  have  to  buy  will  cost  us  more 
money  and  we  shall  have  to  increase  our  price  more  than  in  proportion  to  the 
increase  in  butter  fat. 

Mr.  Woodhull  called  attention  to  (he  fight  the  ice  cfeaiii  makers  are 
making  against  the  standards.     He  said : 

We  sent  out  some  telegrams  to-day  that  we  would  like  to  have  ralitird  ;md 
made  official  by  the  association  aTid  spread  on  the  re<'ord.  We  took  it  upon 
ourselves  to  send  these  telegrams,  knowing  that  they  should  have  been  sent 
as  soon  as  possible  so  we  would  not  have  to  wail  initil  evening.  We  have  a 
telegram  to  the  Hon.  E.  L).  Crunipacker,  who  so  bi-illiaiitly,  earneslly.  and  sue- 
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rvssfully  took  a  staud  in  the  House  against  irregular  legislation  being  incor- 
I'drated  in  the  agricultural  appropriation  bill: 

■  i'he  Hon.  E.  D.  Cetjmpacker, 

"  Washington,  D.  C. 
"  The  National  Association  of  loe  Cream  Manufacturers,  in  convention 
assembled,  desires  to  thank  you  for  your  inestimable  services  through  which 
\ou  brought  about  the  exclusion  of  the  irregular  legislation  in  the  House  appro- 
piiation  bill,  thereby  preventing  the  one-man  power  from  destroying  their 
industry. 

■'  J.  H.   Frank,  President." 

President  Frank:  Gentlemen,  Mr.  Crumpaeker  is  a  Congressman  from  Indi- 
ana and  he  will  do  the  right  thing.     Are  you  ready  for  the  question? 

The  motion  was  then  put  and  unanimously  adopted.     Another  telegram  was 
sent  to 
"  Senator  Proctor, 

•'  Chairman  Committee  on  Agriculture, 
'•  Senate  Chamber,  Washington,  D.  C. 
"  The  Illinois  Association   of   Ice   Cream   JIanufacturers,    in   convention   as- 
sembled, earnestly  requests  that  you  do  not  allow  reinstatement  in  agricultural 
appropriation  bill  of  parts  stricken  out  in  the  House  from  bureau  of  chemistry 
section. 

(Signed)         "Illinois  Association   of   Ice   Cream   Manufacturers, 
"  R.  A.  WooDHULL,  President." 

Mr.  McCrea  said : 

"  The  man  who  goes  out  into  the  field  to  compete  for  business  and  sells 
frozen  water  for  ice  cream  is  not  a  success,  and  you  know  it  as  well  as  I  know 
it." 

President  Frank  : 

"  They  come  pretty  near  doing  it  sometimes." 

After  much  discussion  a  rising  vote  was  taken  as  to  whether  the 
convention  .should  recommend  to  the  commis.sion  a  14  per  cent  butter- 
fat  standard,  an  8  per  cent  butter-fat  standard,  or  no  standard  at  all, 
and  the  last  proposition  was  carried  by  an  overwhelming  majority. 

The  above  quotations  from  the  proceedings  of  the  Ice  Cream 
Convention  are  given  to  show  that  the  product  which  is  sold  as  ice 
cream,  or  at  least  was  sold  as  ice  cream  before  the  enactment  of  the 
food  law,  has  no  definite  composition.  No  one  can  have  any  idea,  as 
is  shown  by  the  statements  made  by  the  makers  themselves,  what  the 
substance  i:)urchased  as  ice  ci-eam  really  is.  As  the  President  of  the 
iVssociation  very  aptly  remarked,  "  Some  of  the  members  evidently 
were  selling  frozen  water  as  ice  cream,  or  nearly  so." 

In  The  Ice  Cream  Trade  Journal,  October,  1906,  page  23,  there  is 
an  editorial  article  on  *'  Butter  Fat  in  Fine  Ice  Cream."  This  article 
slates  that  the  late  Ciiarles  Uanhofer,  who  was  for  many  years  chef  of 
DelmonicoV,  in  his  work  entitled  "The  Epicurean,"  published  in 
IH'.)4,  devotes  .50  pag(^s  to  ice  creams  and  ices.  In  quantity  of  butter 
I II I     Hull.  :,(;    (I!) 1!) 
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fat  the  plain  creams  which  he  describes  are  as  a  rule  richer  than  his 
fancy  creams.     The  editor  says : 

I'uder  the  head  of  "  Vanilla  Ice  Creams  "  you  will  flud  ir.struetious  for  mak- 
ing 0  kinds.  One,  a  fancy  ice  cream,  contains  no  milk  or  cream  whatever.  One 
is  similar  to  New  York  ice  cream,  or  frozen  custard,  and  has  a  butter-fat  con- 
tent of  about  2  per  cent.  Four  others  roughly  calculated  are  well  under  10  per 
cent  of  butter  fat.  One  shows  11  per  cent,  one  14,  and  one  17.  *  *  *  We 
find  that  the  butter-fat  content  is  low  in  the  majority  of  ice  creams.  True  a 
few  formulas  show  a  high  percentage  of  butter  fat  in  the  mixture,  but,  on  tlie 
other  hand,  we  find  a  number  of  formulas  for  ice  cream  that  do  not  call  for 
any  cream  aud  we  have  drawn  attention  to  one  that  leaves  out  milk  as  well  as 
cream.  It  is  evident  that  a  quality  standard  for  ice  cream  specifying  a  mini- 
mum butter-fat  content,  unless  that  miuimum  is  low,  would  pres-ent  the  .sale  of 
many  fancy  frozen  dainties  that  were  sold  as  ice  cream  before  hokey  pokey  was 
invented.  *  *  *  For  anyone  to  say  that  the  term  "  ice  cream  "  covers  less 
to-day  than  it  covered  fifty  years  ago  is  absurd ;  therefore  a  standard  that 
reqtiires  C  out  of  10  ice  creams  to  be  sold  under  another  name  is  absurd.  There's 
an  old  saying — not  wholly  untrue — that  the  law  is  an  ass,  but  is  it  necessary 
in  order  to  prevent  fraud  for  those  charged  with  the  enforcement  of  the  law  to 
be  absurd?  Ice  cream  is  a  compound  in  which  (except  in  rare  cases)  the 
pirincipal  ingredients  are  milk  products,  but  if  one  reduces  the  butter-fat  con- 
stituent in  his  compound  or  eliminates  it  aud  substitutes  something  equally 
wholesome  and  nourishing  who  shall  say  that  he  has  not  made  ice  cream  as 
good  as  or  even  better  than  ice  cream  containing  a  specified  itercentage  of  butter 
fat?  While  we  do  not  believe  that  a  standard  specifying  the  butter-fat  content 
in  ice  cream  is  necessary  to  prevent  fraud  the  establishment  of  a  reasonable 
standard  would  prevent  the  sale  of  cheap  frozen  compounds  unless  they  were 
plainly  labeled  to  indicate  their  character,  and  this  we  believe  would  necessarily 
preclude  their  being  served  in  individual  portions,  as  in  restaurants  and  at  soda 
fountains.  But  what  is  a  reasonable  standard?  Certainly  not  a  standard 
that  fixes  the  minimum  butter-fat  content  above  S  per  cent  nor  a  standard  that 
does  not  admit  of  the  substitution  of  fresh  eggs  for  butter  fat  pound  for  pound. 

The  Kymo  Company,  manufacturers  of  food  preparations,  of  Little 
Falls,  N.  Y.,  under  date  of  February  25,  1907,  submitted  a  protest 
against  the  standards  for  ice  cream.  The  reasons  for  demanding  a 
change  are  as  follows : 

Inclosed,  wo  liMml  you  :in  amendment  to  the  national  definition  for  ice  cream 
as  given  in  circiilnr  .No.  lii.  To  our  amendment  we  have  appended  an  argument 
setting  forth  bricfiy  numiMous  reasons  why  the  present  national  definition 
should  lie  repealed  or  nmended  to  agree  witli  our  delinltion.  You  will  find  a 
recapitulation  of  our  reasons  on  the  last  two  pages  of  the  inclosed  argument. 

Because  the  States  show  a  ilisiiosiliou  lo  adoirt  tlie  national  standards  we 
deem  it  very  important  tluit  these  \u-  ms  nearly  right  and  just  as  it  is  possible  to 
make  them.  If  they  are  not  just  and  right  those  States  that  accept  them  will 
be  led  into  errors  that  will  in  some  oases  result  in  hardships  to  its  citizens.  On 
the  other  hand,  those  States  that  refuse  fo  iucept  the  faulty  standards  will 
not  be  in  full  nccord  with  those  that  do,  nor  with  the  National  Covernmeut  in 
tlie  very  ImportMiit  work  of  suppressing  the  tr.-illie  In  .-id  altera  led  and  harmful 
foods  and  drugs. 

if  the  .\gi-icMllni-;il  hepiirlMieiil  or  those  in  eonlrol  of  llie  Miallei'  of  stiindnrds 
Insist   upon   imri'Msnn.Mlple  stiindiirds  like  that    for  lee  crratii.  will   not   tlie  public 
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generally,  especially  the  mamifactiiring  element,  combine  with  more  sordid 
\  interests  to  bring  about  the  abridgment  or  extinguishment  of  the  power  and 
authority  to  make  standards? 

Believing  that  the  national  definition  for  ice  cream  is  very  faulty  and  will 
work  untold  hardships  to  manufacturers  and  consumers  alike,  especially  if 
adopted  by  the  States,  we  respectfully  submit  our  definition  and  argument. 

The  definition  proposed  by  the  Kymo  Company  is  as  follows : 

Ice  cream. — Ice  cream  is  a  frozen  product  made  from  cream  or  milk,  fresh 
or  condensed,  and  sugar,  with  or  without  a  natural  flavoring  and  with  or  with- 
out the  addition  of  other  harmless  vegetable  and  animal  ingredients  or  products. 

The  company  also  says: 

The  term  ice  cream  as  now  used  is  not  a  misnomer  nor  is  it  misunderstood  by 
the  consumer.  This  name  is  established  in  the  minds  of  the  manufacturer  and 
consumer  alike  as  that  of  an  article  that  is  made  from  recipes  or  formulas  that 
vary  greatly  as  to  their  ingredients.  The  consumer  thus  makes  or  purchases 
ice  cream  of  a  kind  or  quality  that  accords  with  his  taste  or  means.  There  is 
no  evidence  of  dissatisfaction  on  his  part  with  the  present  popular  definition  or 
with  the  present  product,  therefore  there  is  no  cause  for  a  new  definition  or  for 
legislation  along  this  line  on  the  grounds  that  the  public  is  being  deceived  or 
imposed  upon  by  the  sale  of  adulterated  or  misbranded  ice  cream. 

The  term  ice  cream,  in  the  minds  of  the  consumer  and  the  manufacturer, 
does  not  indicate  that  the  frozen  product  is  made  from  any  particular  amount 
or  proportion  of  milk  fat.  To  those  who  are  conversant  with  the  .art  of  manu- 
facturing ice  cream,  including  the  confectioner,  baker,  caterer,  and  house- 
wife, the  name  suggests  a  variety  of  ingredients,  and  the  quality  of  the  arti- 
cle is  not  based  on  the  amount  of  milk  fat  contained.     *     *     * 

From  the  foregoing,  it  is  obvious  that  to  protect  the  public  it  is  not  neces- 
sary to  restrict  the  term  "  ice  cream  "  to  frozen  cream,  sugar,  and  flavoring, 
as  this  is  not  the  popular  definition  and  is  not  what  the  consumer  makes  when 
he  manufactures  his  own  product.  To  the  consumer  and  manufacturer  alike 
ice  cream  made  according  to  the  Agricultural  Department's  definition  is  a  new 
product  under  an  old  and  familiar  name. 

We  believe  that  most  doctors  will  agree  that  14  per  cent  of  milk  fat  in  ice 
cream  is  a  larger  proportion  than  is  good  for  the  average  individual.  This 
is  i)articularly  true  during  warm  weather,  when  ice  cream  is  consmned  most 
liberally.  As  regards  healthfulness,  whether  taken  as  a  food  or  as  a  cooling 
confection  or  delicacy,  we  believe  that  a  pure  milk  ice  crejim  is  preferable  to 
one  made  from  pure  cream,  just  as  much  so  as  milk  is  better  than  cream  for 
the  average  individual  to  drink. 

The  Kyi'io  Company  also  makes  the  followiiifr  stalenicnl  reirai'il- 
ing  the  determination  of  the  i)erccntage  of  fat : 

In  all  that  we  have  seen  or  heard  on  the  subject  of  how  to  figure  the  i)er- 
centage  of  fat  in  ice  cream  the  basis  lias  been  the  relation  of  the  milk  fat  to 
the  entire  weight  of  the  raw  materials.  On  this  basis  it  has  been  estimated 
that  cream  testing  17  per  cent  will  i)r<)duce  ice  cream  showing  14  per  cent  of 
ndlk  fat.  If  this  figuring  is  accepted  ice  cream  made  in  a  slow-speed  jiower 
freezer  will  cost  nearly  <loub]e  as  nnich  as  that  made  from  the  same  materials 
ill  a  freezer  that  wliijis  the  materials  into  double  its  original  volume.  Does 
tills  not  look  like  discrimination  in  favor  of  the  man  with  the  high-speed 
freezer? 
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Tlie  company  also  makes  the  following  observations  upon  the  very 
common  practice  at  the  present  day  of  practically  doubling  the  vol- 
ume of  ice  cream.  As  ice  cream  is  chiefly  sold  by  volume  it  is  evident 
that  any  process  which  will  make  out  of  a  given  amount  of  materials 
double  the  volume  must  be  a  source  of  profit  to  the  manufacturer. 
Just  what  benefit  this  expansion  of  volume  is  to  the  consumer  does 
not  plainly  appear: 

As  is  well  known,  most  wholesale  manufacturers  make  40  quarts  of  ice  cream 
from  20  quarts  of  materials.  AV'hat  is  to  prevent  the  manufacturer  from  still 
further  diluting  with  air  his  17  per  cent  milli  fat  cream  if  the  test  for  the  milk 
fat  is  on  the  basis  of  the  weight  or  volume  of  the  raw  materials  or  of  the  melted 
product '! 

If  we  must  have  a  milk-fat  standard  let  it  be  one  that  will  result  in  uni- 
formity in  the  finished  prodiict  under  all  processes  of  manufacturing  and  that 
will  not  give  the  man  with  the  fastest  freezer  a  practical  monopoly.  If  the 
Department  must  have  a  standard  let  it  be  one  that  will  not  tempt  the  manufac- 
turer to  neutralize  the  increased  cost  of  his  raw  materials  by  increased  expan- 
sion. 

The  force  of  the  above  argument  is  not  apparent.  Inasmuch  as  the 
percentage,  unless  otherwise  stated,  is  always  a  percentage  on  weight 
it  does  not  make  an\'  diiference  in  the  estimation  of  the  percentage 
whether  the  materials  have  been  expanded  to  2,  3,  4,  or  5  volumes. 
The  relative  weight  of  fat  to  the  materials  is  not  changed  by  the  pro- 
cess of  expansion,  since  the  air  which  is  used  in  the  expansion  is  prac- 
tically so  light  as  to  add  nothing  of  any  consequence  to  the  weight  of 
the  expanded  article. 

Great  stress  is  laid  by  the  Kymo  Company  upon  the  fact  that  ice 
cream  which  contains  14  per  cent  butter  fat  is  a  new  jjroduct  not 
known  hitherto  to  the  trade.    The  company  says : 

In  view  of  the  facts  related  in  the  foregoing,  we  suggest  that  if  the  Govern- 
ment or  the  Agricultural  Department  requires  a  name  for  the  product  of  its 
definition  it  either  select  a  specific  name  tliat  will  not  interfere  with  established 
trade  conditions  or  let  the  term  ice  cream  apply  geuerically  as  it  does  to  other 
frozen  confections.  As  a  specific  name  for  the  Department's  new  product  we 
might  suggest  the  following:  "Pure  cream  ice  cream,. cream  ice  cream,  cream 
ice,  iced  cream,  or  frozen  cream."  The  term  cream,  however,  would  not  have 
the  same  significance  in  the  Department's  .'!  ilelinilions  because  of  tlie  variation 
in  the  milk  fat  in  tliose  definitions. 

.\ppai'ently  a  more  just  construction  of  the  requirements  would  be 
to  require  a  definite  name  for  the  variations  instead  of  for  (he  pure 
article,  thus  introducing  the  names  "  Milk  ice  cream,  skinnned  milk 
ice  cream,  conik'n.sed  milk  ice  cream,  evaporated  milli,  u-e  cream, 
gelatin  ice  cream,  egg  ice  cream,  coal  far  dye  ice  crea:u,"'  etc. 

Smnmarizing,  the  company  closes  its  remarks  as  follows: 

We  believe  thai  wo  have  shown  conclusi\ely — 

First.  That  there  is  no  need  of  a  new  definition  or  slaml.ird  I'nr  ice  i  ream. 
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Second.  That  ice  cream  as  made  by  present  processes  is  noninjiirions  to 
liealtU  and  satisfactory  in  quality  to  tbe  consumer. 

Tliird.  Tliut  tlie  manufacturer  and  consumer  arc  at  one  in  llieir  rosiiectivp 
understandings  of  tbe  term  as  now  u.sed. 

Fourth.  That  the  present  process  of  manufacturiuK.  including;  the  formnljc. 
accords  with  the  accepted  meaninj;  <if  tbe  term  in  our  standard  dictionaries, 
also  with  its  history. 

Fifth.  That  it  is  not  misbrandinj;  to  aiiply  tlic  term  ice  cream  to  tbe  usual 
frozen  products  by  that  name. 

Sixth.  That  cream  is  not  a  specific  term  used  only  as  a  name  for  the  fatty 
part  of  milk,  this  being  one  of  several  applications  of  the  word. 

Seventh.  That  Article  f  of  Regulation  12,  Section  8,  does  not  apply  to  ice 
cream,  as  tbe  name  of  this  article  is  not  derived  from  one  of  its  constituents  but 
from  its  own  qualities  as  a  product. 

Eighth.  That  the  process  to  which  tbe  Agricultural  Department  proposes  to 
apply  tbe  term  is  not  tbe  ice  cream  of  commerce  or  the  home,  lint  a  new  product. 

Ninth.  That  no  definition  fixing  a  standard  of  milk  fat  is  practicable  or 
desirable. 

Tenth.  That  the  term  ice  cream  has  become  a  valuable  trade  name,  tbe 
establishment  of  which,  by  advertising  and  other  means,  has  required  tbe  ex- 
penditure of  large  sums. 

Eleventh.  That,  without  good  cause,  tbe  Government  has  no  right  to  con- 
demn the  term  ice  cream  for  application  exclusively  to  another  product. 

Twelfth.  That,  as  a  model  for  general  accei)tance  by  tb.e  States,  tbe  Depart- 
ment's definition  should  be  amended  in  accordance  with  our  definition. 

Under  the  lieading  "  Trade  Customs,"  the  Lancet  makes  some  very 
proper  comments  as  to  the  dishonest  practices  of  which  many  vendors 
and  manufacturers  are  guilty  under  the  convenient  designation  of 
''  trade  customs."  Our  contemporary  observes  that  the  term  "  trade 
customs  "  in  some  quarters  appears  to  be  the  modern  synonym  for 
malpractices. 

So  many  defendants  shelter  themselves,  or  attempt  to  shelter  themselves, 
behind  tbe  i)lea  of  trade  custom  that  it  would  be  interesting  to  have  a  list  of 
"trade  customs"  published. 

The  public  have  a  right  to  know  what  trade  customs  are.  We  doubt  very 
much  if  tbe  public  know  quite  as  much  about  them  as  the  trade.  I'olice  court 
Iiroceedings  eidighten  us  considerably  at  times,  but  there  are  so  many  "  trade 
customs"  that  we  plead  for  a  glossary  of  them.  We  fancy  that  we  should  be 
f.airly  safe  in  saying  that  such  a  compilation  would  i)p(>n  our  eyes  to  a  siring 
of  petty  iiractices  designed  more  or  less  to  cheat  the  purchasing  public:  trade 
customs  in  fact,  which,  though  approved  by  the  trade,  are.  strictly  speaking, 
illegal  transactions.  We  should  like  to  see  appointed  a  royal  commission  on 
"  trade  customs."  The  selection  of  the  couuni.ssioners,  who,  of  cov.rse,  would  be 
authorities  on  the  subject,  would  be  interesting,  and  the  evidence  of  tbe  wit- 
nesses would  at  least  be  anuising  if  not  instructive.  The  final  report  would 
have  lh('  word  "swindle"  written  in  every  one  of  its  conclusions — that  is  to 
say  if  tbe  conunissioners  honestly  set  about  their  business.  These  may  be 
strong  words,  but  d;iy  by  d:iy  we  read  in  police  court  proceedings  how  indict- 
ment   .ifli'r    iiidiitn t    is   met    by   tlu!   sickening   excuse   of   "trade   cusloms." 

IJrown  iiaper  is  found  iu  tbe  soles  of  l)()ots;  it  is  a  trade  custom.    Silk  containing 
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cotton  is  sold  as  pure  silk:  it  is  a  common  practice  of  the  trade  and  tlierefore  a 
justifiable  one  because  the  trade  recognizes  It.  It  is  also  at  times  the  trade 
custom  to  call  an  article  brandy  which  is  not  brandy,  soda  water  which  is  not 
soda  water,  butter  which  is  not  butter,  and  so  on  ad  iulinitum.  In  fine,  it  will 
be  found  that  "  trade  customs,"  as  a  rule,  do  not  call  a  spade  a  spade  and  things 
are  Jiot  what  they  seem.  The  term  "  trade  custcmis"  is  a  cloak,  is  not  in  many 
instances  honest,  and  in  an  equal  number  of  instances  exists  to  evade  the  law. 
The  law  should  recognize  no  trade  custom  which  is  not  straight  dealing. 

The  British  Food  Journal  has  repeatedly  called  attention  to  thi.s 
matter  and  has  indicated  the  absurdity  of  the  "  trade  custom  "  ex- 
cuse. Some  of  the  most  insidious  forms  of  swindling  are  recognized 
and  practiced  by  certain  trades  under  the  description  of  trade  cus- 
toms upon  which  the  light  of  the  police  court  never  shines.  Those 
firms  who  are  guilty  of  such  malpractices  can  well  afford  to  take  the 
remote  chance  of  being  found  out  and  of  having  to  pay  a  small  fiiie 
because  they  find  their  course  of  procedure  exceedingly  remunerative. 
There  seems  to  be  an  ingrained  desire  in  certain  individuals  to  cheat 
their  neighbors  and  compete  by  fraud. 

The  Horton  Ice  Cream  Company  has  made  the  following  represen- 
tations respecting  the  standard: 

Ice  cream  is  a  frozen  product  made  from  cream  and  sugar,  with  or  without 
a  natural  flavor,  and  contains  not  less  than  14  per  cent  of  butter  fat. 

This  is  the  official  definition  of  ice  cream  according  to  V.  S.  CMrcular  No.  19, 
Department  of  Agriculture. 

If  the  above  is  a  correct  definition  of  ice  cream  then  for  the  past  fifty  years 
and  over  thei-e  has  been  little  or  none  made  and  sold. 

Cookbooks  dating  from  1S53  do  not  describe  ice  cream  in  this  way  and  it  has 
not  been  according  to  American  custom  to  make  it  iu  this  manner. 

If  the  authorities  will  consult  the  leading  and  standard  cookbooks  published 
in  this  country  they  will  find  various  ways  of  making  ice  cream,  and  why  should 
a  law  be  made  where  there  can  be  only  one  way  of  making  it  and  then  only  a 
product  showing  14  i)er  cent. 

If  this  standard  should  be  adojited  by  this  State  and  the  T'nited  States  it 
would  fail  to  bring  .ibout  the  desired  effect  for  the  reason  that  ice  cream  has 
not  been  made  to  show  14  [ler  cent  generally,  and  instead  of  dealers  endeavor- 
ing to  comply  with  the  standard  ice  cream,  or  what  used  to  l)e  called  ice  cream, 
would  be  sold  under  a  new  name  and  in  time  the  term  would  become  obsolete. 
It  is  no  guesswork  but  a  fact  that  the  dealer  who  attemjited  to  sell  standard  14 
per  cent  goods  would  not  be  able  to  compete  with  the  man  who  sells  what  was 
formerly  known  as  ice  cream  under  a  new  name,  either  in  price  or  quality,  and 
the  iiracticiil  ice  cream  man  knows  it. 

'i'here  is  a  market  for  a  frozen  i)roduct  showing  less  than  14  per  cent  butter 
fat  made  with  or  without  eggs,  and  with  or  without  gelatin,  and  with  or  with- 
out condensed  milk,  and  with  or  without  flavor,  and  time  will  show  it,  for 
to-day  the  leading  hotels  make  an  ice  cream  with  eggs  and  they  will  not  dis- 
continue making  this  product  should  they  be  obliged  to  change  the  name,  and 
it  will  be  found  that  this  style  of  ice  cream  is  made  by  the  best  men  in  the 
business  and  the  per  cent  of  butter  fat  would  be  found  to  be  about  8  per  cent. 

Make  a  liberal  interpretation  of  the  law,  say  "  Ice  cream  Is  a  frozen  product 
made  of  cream  and  sugar,  with  or  without  milk,  condensed  milk,  gel.-itin,  flavor, 
or  eggs,  and  coiitauis  not   less  than  s  per  cent   of  bultcr  fat,"  and  dealers  will 
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use  their  best  endeavors  to  live  up  to  it  aud  see  that  others  do.  but  if  the  pro- 
posed standard  be  adopted  dealers  can  make  such  fine  goods  under  a  diflferent 
name  that  are  equally  if  not  more  delicious  that  ice  cream  in  not  many  years 
would  only  be  a  name. 

These  standard  cookbooks  are  not  nor  were  they  published  to  instruct  manu- 
facturers how  to  make  their  goods,  but  that  housewives  might  know  how  to 
make  the  best  of  everything,  and  not  with  a  view  of  seeing  how  cheap  every- 
thing could  be  prepared  to  put  before  their  families. 

Gelatin  is  just  as  important  an  ingredient  of  ice  cream  as  sugar,  for  without 
it  ice  cream  could  not  be  sold  commercially  for  the  reason  that  it  would  get 
icy  and  not  fit  to  use. 

A  very  interesting  cliapter  on  ice  cream  is  contained  in  "  Tlie  Epi- 
curean," by  Chas.  Ranhofer,  chef  of  Delinonicos,  i^reviously  quoted. 
In  the  preface  the  author  sa3's : 

In  publishing  this  work  I  have  endeavored  to  till  a  much-needed  want,  namely, 
the  best  and  most  effectual  manner  of  prei)aring  healthy  and  nutritious^  food. 

This  edition  contains  innumerable  recipes  which  I  have  simplitied  and  ex- 
plained in  a  comi)rehensive  manner  so  as  to  best  meet  the  wants  of  all.  It 
suggests,  also,  many  useful  and  important  hints  to  those  about  entering  the 
profession. 

Recipe  3-151  describes  fresh-fruit  ice  creams  which  are  to  lie  made 
without  eggs  or  cooking.  The  mixture  which  is  used  for  the  process 
is  composed  of  3  pints  of  cream,  a  pint  of  milk  and  a  quart  of  the 
juice  of  the  fruit.  Peach  ice  cream  is  described  as  made  with  two- 
thirds  of  cream  and  one-third  of  the  fruit  pulp. 

The  most  important  point  which  is  brought  out  by  Mr.  Ranhofer 
is  the  fact  that  he  never  uses  the  words  "  ice  cream  "  alone  to  repre- 
sent any  of  the  mixtures  which  are  usually  sold  under  that  name.  I 
will  quote  some  of  the  terms  which  he  uses : 

Ice  cream  al  la  Cialdini ;  Andalusian  ice  cream  chocolate  and  cocoa  ice  cream ; 
cinnamon,  ginger,  or  pumpernickel  rye  bread  ice  cream ;  fresli  fruit  ice  cream ; 
nougat  ice  cream  or  nougat  Nepolitan  cream ;  pistachio  ice  cream ;  burnt 
almond  ice  cream  and  with  angelica  ;  rice  ice  cream ;  rice  ice  cream  with  citron, 
garnished  with  truffles:  Italian  meringue:  virgin  cream  with  orange  flower 
water  and  no.yau:  ice  cream  with  almonds;  ice  cream  with  eggs  and  black 
coffee:  ice  cream  with  roasted  or  boiled  chestnuts,  etc. 

In  all  tliese  mixtures  into  which  any  extraneous  bodies  are  added 
Mr.  Ranhofer  is  careful  to  give  the  name  so  as  to  distinguish  it  from 
tlie  |)hiin  term  of  ice  cream.  Thus  no  false  idea  is  conveyed  to  the 
purchaser  respecting  its  ([uality  or  composition. 

THE  QUANTITY  OF  BUTTER  FAT  IN  ICE  CREAM. 

The  data  which  have  been  cited  indicate  that  there  is  no  tendency 
in  the  trade  to  .secure  any  imiform  (iiiantity  or  standard  of  butter  fat 
in  ice  creams.  The  authorities  show  that  an  ice  cream  may  have  from 
a  mere  trace  of  butter  fat  up  to  17  or  20  per  cent.  The  consmner, 
(herefore,  lias  no  indication  in  buying  a  so-called  ice  cream  of  the 
(jiiantity  of  cream  or  l)iitter  fat  wliich  he  is  about  to  secure,  nor  would 
u  pliysician  in  ordering  ice  cream  for  a  patient  liave  any  in fiu'iiiation 
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of  the  character  of  the  food  that  the  patient  was  going  to  eat;  assum- 
ing that  he  is  getting  a  genuine  ice  cream,  he  may  be  giving  an  inva- 
lid a  lot  of  wholly  indigestible  materials  which  his  stomach  in  its 
weakened  condition  would  be  utterly  unable  to  digest. 

The  claim  that  the  manufacture  of  geiuiine  ice  cream  will  malve  it 
too  expensive  for  common  use  does  not  seem  to  be  based  on  any  reli- 
able data.  That  real  cream  sells  for  more  than  an  imitation  and  that 
it  should  sell  for  more  no  one  will  deny.  If  a  man  buys  two  volumes 
of  a  mixture  containing  8  per  cent  of  butter  fat  as  ice  cream,  he  may 
pay  no  more  for  it  than  a  man  who  buys  one  volume  of  real  ice  cream. 
The  answer  to  the  question  of  increased  cost  would  very  properly  be 
diminished  volume.  It  would  surely  be  advantageous  to  the  con- 
sumer if  he  put  into  his  stomach  a  less  volume  of  the  frozen  mixture 
than  he  usually  does  when  he  buys  an  ice  cream  of  commerce  in  which 
water  is  the  chief  constituent. 

The  claim  that  the  dairies  of  the  country  would  be  unable  to  fur- 
nish cream  for  making  genuine  ice  cream  is  wholly  unfounded.  The 
dairies  of  the  country  are  interested  as  well  as  the  sanitarians  in  hav- 
ing ice  cream  ^^ure  and  true  to  the  name.  They  will  be  able  to  supply 
the  legitimate  demand  for  the  cream  of  which  the  article  is  made. 

The  protests  against  the  standard  for  butter  fat  fixed  by  the  Secre- 
tary of  Agriculture  under  authority  of  Congress,  in  so  far  as  the 
briefs  and  arguments  which  have  been  offered  are  concerned,  seem  to 
be  wholly  without  merit.  The  same  protests  were  made  against 
fixing  a  legal  standard  of  fat  in  milk,  against  the  elimination  of  the 
quantity  of  water  in  butter,  against  the  requirements  for  purity  of 
almost  every  food  product.  Whenever  an  attempt  is  made  to  fix  a 
.standard  of  purity  for  a  food  product,  all  the  people  who  are  engaged 
in  making  a  debased  article  of  that  kind  enter  the  same  kind  of  a 
plea.  There  seems  to  be  no  basis  for  a  protest  of  this  kind.  There 
is  no  ethical  or  legal  reason  why  the  purchaser  of  ice  cream  should 
not  have  some  definite  idea  of  what  he  is  getting.  The  conditions 
wliich  obtained  before  the  passage  of  the  food  and  drugs  act  can  not 
be  urged  in  extenuation  of  their  continuance  under  the  pure-food 
act.  If  this  were  so  there  would  not  be  a  single  abuse  which  the  pure- 
food  law  was  intended  to  remedy  which  would  not  be  continued. 
Granted  for  the  moment,  as  is  shown  by  the  data  cited,  that  the  term 
ice  cream  before  the  enactment  of  the  food  law  and  the  establish- 
ment of  the  standard  did  not  mean  anything.  Let  it  be  accorded 
that  it  meant  any  kind  of  mixture  simulating  cream  which  the  com- 
pounder saw  fit  to  nuike,  provided  it  was  sweet  enough  and  flavored 
enough  to  find  a  purchaser.  These  facts  do  not  alter  the  relations  of 
the  ice  cream  to  the  consumer  under  the  food  and  drugs  act  and  the 
standards  made  in  harmony  with  (lie  act  of  Congress.  It  is  evident 
that  under  (hat  act  every  name  of  a  food  ])ro(hic(  was  intended  to  rep- 
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resent  a  certain  kind  of  product  and  this  kind  of  product  is  defined 
Mild  established  by  the  standard.  Therefore  the  protests  against  the 
standard  as  being  too  high  and  oppressive  lo  the  consumer  and 
impossible  of  observation  by  the  manufacturer  have  no  basis  of  fact 
(in  which  to  stand. 

A  careful  study  of  all  the  evidence  which  has  been  submitted  and 
(if  the  authorities  leads  to  the  conclusion  that  ice  cream  should  be 
made  of  cream,  that  no  other  ingredient  should  be  used  except  the 
^  ugar  and  the  flavor  or  fruit,  that  it  should  contain  not  less  than  14 
per  cent  of  butter  fat  where  concentrated  flavors  ai'e  used  and  not 
less  than  12  per  cent  where  fruits  are  used,  and  with  such  a  defini- 
tion and  standard  each  consumer  will  know  exactly  what  he  buys 
and  each  manufacturer  will  know  exactly  what  he  shall  make.  If  it 
be  desirable  to  make  other  frozen  puddings,  custards,  dainties, 
desserts,  etc.,  at  the  will  of  the  manufacturer,  neither  the  law  nor 
the  standard  raises  any  objections  thereto,  but  these  products  should 
lie  delivered  to  the  consumer  under  their  proper  names  and  not  bear 
the  name  of  a  standard  product  on  which  the  physician  and  the  con- 
sumer l)oth  rely. 

GENERAL   CONCLUSIONS. 

From  a  careful  study  of  the  data  which  have  been  collected  it  is 
evident  the  following  conclusions  may  be  drawn : 

First.  The  sanitary  conditions  of  many  of  the  localities  where  ice 
cream  is  manufactured  in  the  District  of  Columbia  are  not  at  all 
satisfactory.  Radical  improvements  in  such  localities  are  necessary 
to  secure  purity  and  freedom  from  contamination.  It  is  a  recognized 
fact  that  many  cases  of  violent  poisoning  which  arise  from  eating 
cream  or  ice  cream  are  due  to  insanitary  conditions  surrounding  the 
dairy  or  ice  cream  factory,  the  storage  for  an  improper  length  of  time 
of  these  products,  and  the  contamination  which  they  suffer  by  reason 
of  insanitary  conditions  by  infection  from  preexisting  poisonous 
bodies.  The  develo])ment  of  ptomaine  poisoning  in  cream  and  ice 
cream  is  entirely  prevented  by  using  a  fresh  sanitary  raw  product, 
manufacturing  it  in  perfectly  clean  surroundings,  and  disposing  of 
it  within  a  reasonable  length  of  time  after  manufacture. 

Second.  The  average  percentage  of  fat  in  the  cream  sold  com- 
mercially in  the  District  of  Columbia  is  slightly  less  than  that  re- 
(juired  by  the  statute  govei'tiing  (he  sale  of  cream  in  the  District  of 
Columbia.  It  is,  however,  well  within  the  standard  established  for 
cream  in  general  by  the  Secretary  of  Agriculture.  As  long  as  the 
Act  of  Congress  relating  to  the  .standard  of  cream  in  (he  District  of 
Columbia  is  on  tiie  statute  books  the  dealers  should  comi)ly  with  i(s 
provisions  and  cream  containing  less  than  20  per  cent  of  Imtter  fat 
should  not  bo  sold  in  the  District. 
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Third.  The  bacteriological  examination  of  cream  and  ice  cream  in 
the  District  of  Columbia  shows  that  much  of  it  contains  a  number  of 
bacteria  which  is  far  in  excess  of  that  which  should  be  found  in  pure 
uncontaminated  fresh  materials.  This  enormous  bacterial  tlora  is 
due  to  two  causes,  namely,  insanitary  conditions  of  the  dairy  and 
factory,  and  long  keeping  of  the  product.  From  this  point  of  view, 
therefore,  a  very  large  jiercentage  of  both  cream  and  ice  cream  sold 
in  the  District  of  Columbia  is  highly  objectionable. 

In  regard  to  its  content  of  Initter  fat  the  ice  cream  sold  in  the 
District  of  Columbia  over  the  period  of  time  mentioned  is  fairly 
satisfactory.  A  very  large  percentage  of  all  the  samples  contained 
more  than  the  1-1  per  cent  of  butter  fat  required  for  the  vanilla  type 
of  ice  cream  and  more  than  12  per  cent  of  the  butter  fat  required  for 
the  fruit  type.  The  establishment  of  these  standards  is  not  sub- 
versive to  commercial  conditions  as  they  existed  at  the  time  examina- 
tions were  made.  These  standards  will,  therefore,  be  regarded  not 
only  as  reasonable,  but  as  commercially  practicable. 

Fourth.  The  use  of  thickeners  in  the  jaroduction  of  ice  cream  in 
the  District  of  Columbia  does  not  appear  to  be  generally  practiced. 
There  are  many  objections  to  the  use  of  thickeners,  the  chief  of 
which  is  that  it  enables  an  ice  cream  to  be  kept  a  longer  period  than 
it  should  be.  A  confection  of  the  character  of  ice  cream  is  intended 
for  immediate  consumption  and  not  for  cold  storage  or  long  keeping. 
The  ice  cream  industry  is  essentially  a  local  industry  throughout  the 
country  and  there  is  no  commercial  necessity  of  transporting  ice 
cream  for  long  distances  nor  of  storing  it  on  board  ship,  or  in  other 
localities  for  a  great  length  of  time.  The  sooner  ice  cream  can  be 
consumed  after  it  is  made  the  better,  x^iother  objection  to  the 
thickener  is  that  it  aids  in  the  expansion  of  the  volume  of  cream 
to  proportions  entirely  beyond  the  actual  amount  of  nourishment 
represented;  so  that,  as  has  been  shown  in  the  evidence,  from  one 
quart  of  material  two  quai'ts  of  the  product  may  be  produced.  Inas- 
much as  ice  cream  is  sold  quite  exclusively  by  volume  and  not  by 
weight,  this  expansion  can  only  be  regarded  as  a  deception  practiced 
upon  tlie  consumer.  The  use  of  thickeners  of  any  kind  in  the  manu- 
facture of  ice  cream  is  not  a  connnercial  necessity.  When  used  the 
thickener  should  be  wholesome  and  unobjectionable  from  a  food 
point  of  view,  and  the  fact  that  it  lias  boon  employed  shoidd  be 
plainly  stated  on  the  label. 

Fifth.  The  manufacture  of  frozen  dainties  containing  more  or  less 
cream  is  a  legitimate  industry,  provided  all  the  materials  used  are 
pure  and  wholesome  and  no  false  name  or  appellation  is  given  to  the 
product.  A  great  many  products  which  have  been  made  and  sold  as 
ice  cream  belong  to  this  category.  Inasmuch  as  ice  cream  is  pre- 
scribed frequently  by  physicians  for  invalids  and  convalescents,  and 
inasmuch  as  it  is  largely  ealcn  by  cliilihcn  and  dtlicrs  wIiom'  stomachs 
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liave  not  full  vigor,  a  definite  idea  of  its  composition  is  necessary 
lo  prevent  injury  and  abuse.  Hence  the  term  ice  cream  should  be 
I vserved  solely  for  the  frozen  product  consisting  of  pure,  fresh  cream, 
iiffar,  and  a  flavor,  while  appropriate  names  should  be  given  to 
other  frozen  dainties  in  which  more  or  less  cream  may  enter.  The 
use  of  milk,  skimmed  milk,  and  condensed  milk  in  the  manufacture 
nf  ice  cream  does  not  appear  to  be  advisable  or  necessary.  These  sub- 
stances, when  wholesome  and  pure,  are  food  products  of  value  and 
ilieir  use  under  appropriate  appellations  is  unobjectionable.  Con- 
ilensed  milk  diluted  to  its  original  volume  would  not  be  allowed  to  be 
sold  as  fresh  milk  under  the  laws  of  any  of  the  States  or  munici- 
palities controlling  the  milk  supply.  There  seems  to  be  no  ethical 
reason  why  such  products  should  be  permitted  to  be  sold  under  the 
name  of  ice  cream.  They  should  be  offered  to  the  public  under  appel- 
lations which  disclose  their  real  character. 

Sixth.  The  additional  regulations  which  would  secure  for  the  Dis- 
trict of  Columbia  a  supply  of  ice  cream  of  unobjectionable  quality 
should  look  to  the  restrictions  of  the  materials  used  to  the  pure  fresh 
articles.  They  should  require  that  the  butter  fat  should  have  a  defi- 
nite percentage  corresponding  to  the  established  standards  of  12  and 
14  per  cent  respectively  for  the  two  different  types  of  ice  cream. 
They  should  protect  the  consumer  against  an  undue  expansion  of  the 
ice  cream  during  the  proce&s  of  manufacture  so  as  to  make  it  occupy 
a  volume  far  larger  than  is  normal.  They  should  restrict  the  time  of 
storage  of  ice  cream  to  the  limit  of  ordinary  needs  of  consumption. 
They  should  secure  absolute  cleanline.ss  and  neatness  in  the  dairy  and 
in  the  factory  where  the  ice  cream  is  made.  They  should  exclude 
from  ice  cream  colors  not  authorized  to  be  put  in  foods  by  the  rules 
and  regulations  of  the  food  and  drugs  act.  They  should  exclude  from 
sale  ice  cream  containing  a  bacterial  flora  of  the  enormous  proportions 
exhibited  by  some  of  the  samples  which  have  been  examined.  By  the 
adoption  of  these  sanitary  regulations  an  ice  cream  of  standard  qual- 
ity can  l)e  offeied  to  the  consumers  of  the  District  of  Columbia,  so 
tiuit  anyone  purchasing  the  article  nuxy  know  definitely  the  character 
of  the  material  he  is  l)uying,  the  amount  which  he  gets,  and  may  be 
assured  of  the  freshness  and  purity  of  its  raw  materials  and  freedom 
from  infection  during  process  of  manufacture  and  the  time  it  is  kept 
in  storage. 

Scveiilli.  The  subject  of  the  pasteurization  of  milk  which  is  to  be 
used  for  making  ice  cream  is  an  important  one  and  shouhl  receive 
cai-eful  attention.  The  data  show  that  cream  usually  carries  a  uiucli 
larger  numl)er  of  organisms  than  milk.  This  is  ])robably  due  cliielly 
to  tlie  fact  that  the  bncteria  seem  to  stick  with  greater  tenacity  to  the 
glol)ules  of  fat  tiutn  they  do  to  the  other  parts  of  the  milk.     Cream  is 
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also  often  kept  longer  before  being  used  than  milk.  The  pasteuriza- 
tion, to  be  eft'ective,  should  be  a  thorough  one,  and  the  cream  pasteur- 
ized should  be  held  at  the  jjusteurizing  temperature  for  not  less  than 
twenty  or  twenty-five  minutes  to  insure  completion.  The  ideal  cream, 
of  cour.se,  is  that  derived  from  ideal  milk,  handled  in  an  ideal  man- 
ner and  used  in  the  shoi-test  possible  time  in  its  natural  state.  Since 
in  the  present  condition  of  affairs,  however,  it  is  not  possible  to  secure 
such  cream,  thorough  pasteurization  under  competent  sujiervision  is 
highly  desirable. 

Table  III. — Chemical,   microscopical,  and  bacteriological  examinations  of  cream  from 
January  30,  1907,  to  June  12,  1907. 


1907. 
Mar.  27 
May  1 
May  .3 
Feb.  27 
Mar.  1 
Mar.  12 
May  27 
Mar.  1 
Apr.  10 
Mar.  2 
May  27 
Mar.  7 
Mar.  11 
.\l)r.  2 
Apr.  22 
Feb.  20 
May  22 
Mar.  14 
Mar.  25 
June  12 
May  27 
June  11 
Feb.  20 
Mar.  2 
Mar.  g 
Mar.  23 
Jan.  30 
fob.  1 
Feb.  4 
Mar.  20 
June  U 
Mar.  6 
Do.. 
Apr.  19 
May  2S 
Fob.  18 
Feb.  20 


Serial 
No. 

Fat. 

Per  ct. 

M4594 

18.76 

M4824 

22.27 

M4829 

23.16 

M4447 

16  60 

M4452 

18  08 

M4511 

17.67 

M4952 

18  88 

M  4454 

22.00 

M46S0 

13.10 

M4459 

15.07 

M4956 

21.38 

M4480 

30.00 

M4495 

21.00 

M4634 

21.82 

M4760 

18.32 

'•M4391 

42.43 

M4912 

27.77 

M4520 

19.19 

M4579 

18.77 

B.  0.  31 

20.55 

M4959 

10.31 

B.C.  23 

24.92 

M  4434 

20.65 

M  4462 

20.82 

M  4484 

19.13 

M4565 

18.56 

M4328 

12.60 

M4330 

12.90 

M4339 

12.00 

M4548 

22.31 

B.  C.  19 

21.60 

M4471 

22.75 

M4472 

21.95 

M4747 

15.42 

M4951 

20.08 

Fat      j 
above(  +  )     .rtiflcinl        Bacterial 
or  helow  ,   ^"',°"'"   !       count 
( - )  IS         '-°'"  per  cc. 

per  cent. 


M4381 

M4387 


17.58 
16.81 


145,000 

15,250,000 

1,050,000 

57,600 

294,330 

395,000 

52,500,000 

1,175,000 

1,987,500 

458,330 

29,500,000 

2,83.3,000 

862,500 

113,000 

12,500,000 

1,610,000 

78,300 

161,000 

323,7.'>0 

29,500,000 

6,825,000 

15,500,000 

192,500 

271,600 

200,000 

8,375,000 

171,830 

938,300 

354,800 

130,000 

155,000,000 

245,830 

288,300 

99,000 

25,000 

8,050,000 

29(1, 060 


Few.. 
Many. 


Few 

do. 

do. 

Many.. 

Few 

do. 


Bubble... 
1  per  cent. 


10  per  cent. 

No 

1  percent.. 
No 


10  per  cent. 

2  per  cent.. 
12  per  cent. 

3  percent.. 
5  percent.. 
do 


No. 


2  per  cent.. 
10  per  cent. 
2  percent.. 

No 

5  per  cent. . 
No 


do... 

Not  det. 


Bubble 

15pt>rcent. 


Leuco- 
cytes. 


90,600 
121,900 
223, 100 
1,672.300 
1,057,200 
7a3,300 
480,200 
1,811,500 
386,300 
21,900 
22,600 
78,600 
33,300 
10,000 
.17,900 

22,(i00 
40,000 
.(5,300 
59,300 
00,000 
79,300 
258, 900 
228,  4(X) 
77.200 
57,300 
337,500 
4(»,  400 
403.  (XM) 
97.S.  3(K) 
1,226,000 
113,200 
lll.SKX) 
43.  .TOO 
X.  600 
159,100 
318,300 


'•Cloudy,  inii)c.8.iilili'li: 
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Table  III. — Chemical,  microscopical,  and  bacteriological  examinations  of  cream  from, 
January  SO,  1907,  to  June  n,  1907— Continued. 


1907. 
Apr.  27 
June  12 
Feb.  18 
Feb.  20 
Mar.  :M  j 
May  1 
May  29 
Apr.  13 
Apr.  24 
May  24 
Mar.  20 
Apr.  23 
Mar.  1 
Mar.  23  I 
Mar.  26 
Apr.  6 
Apr.  29 
Mar.  U 
Apr.  26 
Mar.  18  j 
Mar.  22 
Apr.  15 
June  12 
Mar.  11  j 
Mar.  12 
Mar.  li 
Mar.  22  j 
Mar.  15 
Mar.  20  I 
Apr.  1 
Apr.  27 
May  3 
Mar.  27 
Mar.  19 
May  25 
Mar.  15 
Mar.  19 
Mar.  25 
Feb.  26 
Feb.  27 
Apr.  20 
May  24 
Feb.  13 
Mar.  3 
Apr.  2 
Ajir.  22 
May  29 
I'VI,.  23 
Mar.    2 


Fat 
above 

(+)  or 
below 
(-)  18 

per  cent. 


M4804 
B.  C.  .33 
M4383 
M4393 
M  4616 
M  4822 
M  4979 
M  4716 
M  4780 
M4930 
M  4540 
M4777 
M  4448 
M  4567 
M45S1 
M  4666 
M  4813 
M4S00 
M4799 
M  4531 
M  4554 
M  4721 
B.  C.  34 
M4498 
M  4502 
M  4512 
M45S9 
M  1528 
M  4543 
M  4628 
M  4806 
M4827 
M4S93 
M4536 
M  4949 
M  4524 
M  4533 
M  4575 
M  4429 
M  4446 
M  47.58 
M  4928 

M  Am< 

M  4487 
M  4(;2il 
M  4768 
M  4976 
M  4426 
M  4464 


Bacterial 
count 
percc. 


46,166,000 

4,400,000 

4,825,000 

320,800 

9,250,000 

9,750,000 

425,000 

575,000 

28.900,000 

1,375,000 

2,066,600 

70,400,000 

161,000 

2, 087,  .500 

30,500,000 

180,000 

309,000,000 

516,000 

3,350,000 

29,000,000 

1,177,500 

359,960 

350,8.30 

397,500 

90,000 

12,000 

593,000 

69,500,000 

700,000 

5,400,000 

54,000,000 

151,600 

1,450,000 

1,520,800 

755,860 

180,000 

208,000 

61 ,  000 

625,000 

21,216,000 

275,000 

537,  .500 

17,500.000 

26,000,0(X) 

350,830 

1,183,000 


Many. 
Few . . 
Many. 


No. 


.do. 


Leuco- 
cytes. 


27  percent. 
25  per  cent. 
4  per  cent.. 


1  percent.. 
17  per  cent . 


Bubble 

40  per  cent. 
2  per  cent , . 


10  per  cent. 

Bubble 

No 


Many j do 

Few .1 do 

No 25  percent. 

do I  No 

Many do 

Few i  Bubble 


No. 


No.. 

Very  many.,  12  per  cent. 

No 10  percent. 

do I  Cpercent.. 

Numerous..!  18  percent. 
Many 3  per  cent.. 

4  percent.. 

3  per  cent. . 

25p<*rcent. 

15  percent. 

8  percent.. 


.do... 


126,500 

127,900 

654,000 

113,900 

3, 565, 300 

968,400 

2, 186, 600 

1,837,300 

4,082,600 

2,534,600 

130,500 

70,600 

156. 100 

121,200 

309,000 

219,100 

57,300 

1.262,000 

(«) 

41,300 

44,600 

6,000 

29,300 

.57,  .300 

23,900 

75,900 

57,900 

39,300 

35,300 

1,374,000 

1,356,600 

1.094,600 

36,600 

73,200 

22,600 

32,600 

217.100 

14.5,800 

148,600 

58,900 

163,800 

180,500 

361,800 

561,400 

2,237,300 

321,000 

583,400 

2,446,000 

1,706,800 


a  Too  l>adly  coagulated  to  count. 


'Not  determined. 


302 

Table     III. —  Chemical,  microscopical,  and  bacUriological  examinations  of  cream  from 
January  SO,  1907,  to  June  12,  i907— Continued. 


1907. 
Feb.  15 
Feb.  20 
Mar.  13 
May  27 
Feb.  15 
Mar.  12 
Mar.  19 
May  18 
May  25 
Feb.  6 
Do.. 
Feb.  8 
Feb.  9 
Feb.  20 
Apr.  24 
May  24 
Feb.  20 
Mar.  1 
Mar.  15 
June  12 
Feb.  26 
Apr.  20 
May  28 
Feb.  4 
Feb.  5 
Feb.  6 
Mar.  5 
Mar.  0 
Mar.  9 
Mar.  13 
Apr.  3 
May  27 
Feb.  16 
Feb.  18 
Feb.  20 
Apr.  15 
May  27 
Feb.  20 
Apr.  1 
Feb.  26 
Apr.  8 
Apr.  10 
May  28 
Mar.  27 
Apr.  3 
May  1 
May  29 


M4372 
M4388 
M4514 
M4958 
M4371 
M4509 
M4538 
M4907 
M4948 
M4345 
M4346 
M4350 
M4360 
M4392 
M4784 
M4926 
M43S9 
M44S1 
M4525 
B.C.  32 
M4428 
M4760 
M4965 
M4337 
M4342 
M4348 
M4465 
M4489 
M4492 
M4517 
M4643 
M  4954 
M4377 
M4382 
M4394 
M4723 
M4957 
M4390 
M4624 
M4430 
M4673 
M4729 
M4964 
M4590 
M  4639 
M4819 
M4977 


Per  ct. 
15.40 
17.29 
17.91 
13.62 
15.25 
20.10 
18.00 
18.10 


18.80 
18.90 
17.30 
17.10 
18.00 
26.42 
30.52 
16.34 
14.66 
21.30 
23.70 
13.38 
16.74 
15.65 
19.35 
18.90 
19.33 
18.45 
18.50 
18.58 
20.60 
16.35 
14.56 
15.40 
14.10 
14.77 
22.69 
20.20 
18.48 
19.59 
20.20 
15. 86 
20.33 
25.00 
25.98 
15.91 
22.60 
18.12 


Fat 
above 
(+)or 
below 
(-)18 
per  cent. 


Bacterial 
count 
per  CO. 


1,408,33P 

159,330 

175, 000 

20,500,000 

1,888,330 

200,000 

6,675.000 

40.500.000 

18.000.000 

262.000 

631,660 

260,000 

222, 660 

150,160 

2,825,000 

1,300,000 

16,966,000 

43,600,000 

87,000 


Colored. 
...do... 
...do... 


...do... 
...do... 


2, 123, 300 

50,500,000 

11,150,000 

560.  .330 

930.000 

9.116,000 

2,041,600 

2,841,600 

1,070,830 

543,  300 

4, 300, 000 

26, 500, 000 

262,330 

202,350 

269,330 

126, 600 

11,500,000 

14, 933. 000 

14,000,000 

16,906,000 

7, 250, 000 

725,000 

1.5,500,000 

5,800,000 

27.000 

01,500,000 

04,000,000 


Many . 
Few.. 


Very  few . 
No 


40  percent. 
4  per  cent. . 
No 


-do. 


3  per  cent. . 
20  per  cent. 
12  per  cent. 
2  per  cent.. 
No 


Leuco- 
cytes. 


do do 

do 8  per  cent.. 

Many No 

do 17  per  cent. 


No.. 


No.. 


Very  nmny . 

Few 

No 

Many 

Niunerous.. 

Few 

Many 

....do 

Few 

Many... 


....do 

....do 

Very  few . . 

Many 

....do 

Few 

No 

....do 


2  per  cent.. - 
No 


45  per  cent.. 

Not  det 

*  12  per  cent.. 
40  per  cent.. 

15  per  cent.. 
10  per  cent.. 
No 

do I 

do 

28  per  cent. 

No 

do I 

do : 

4  per  cent. . . 
12  per  cent.. 

3  per  cent... 
No 

4  per  cent. . . 

5  per  cent. . . 
3  percent...  I 
30  percent..' 
5  percent...' 
No 

16  per  cent.. 
20  percent..! 


476, 400 
2,219,100 
571,  400 
383,000 
118,200 
122,500 
132,500 

91,200 
220,400 

23,600 

25,800 
1,556,300 
760,600 
534,800 
825,800 
2,348.000 
535.400 
297, 300 

18,000 

28,000 
407,300 
104,600 

29,300 
107,000 
148.200 

83,300 
197,8(K1 
194, 500 
113,200 
100.  .500 
1,552,000 
,')00,200 
335, 0(NI 

59,300 

168,  .500 

l,8.';4,00O 

12, 70(1 
134, 5(K1 
526, 100 
103.900 
I07,9(X1 
97,900 
77,900 
690, 600 
.16,  WXI 
445,600 
238, 400 


803 


I  +  I    I  +  +  +  I  + 


+  1    I+  +  +  +I    I    I+  +  +  + 


C     V      p^     Q,     Q,     pit 


Z    :gi§Z    iracTz 


'^  .o  ■o 
o    :    : 


;  ■"  -S  ^ 
:  o  CD  > 


^    A    3     O 

s  pm  >  5 


•a  8  a  2  0  g  o  ■= 

>  CJ  CO  w  >   O  > 
3   g   S   S   $  ^9   S   7   >| 


:sssssss^5iaBM=^^!"-:'-:^HH'^sa»asKa 


asiiaai'^npaai 


S  S  »  I  i 


it 


304 


+    IIII        1+        II++  +  +  +I+  +  +I 


t3    "O    T3    "C 


^in^2        ;PiP,p4& 


^  „  g  §  - 
&;  ^  fcj  a  ;^ 


80     C     Q     O 
o    o    o    25 


t^    r-    0    S    S 


^& 


S  9 


o  m  Ph  o 


5!  53  5!  S  S  S  S 


o>  o  -v  a 

S  pa  ca  3 


5  §9 


2  S5  s  a  s  R 

o  d  d  d  cj 


305 


l!     +     l4--)--l-|ll+    +    4--t-|l  II  +l|-l-|ll-fll-)-    + 


i 

80,000 
02,600 
33,300 

a 

P 
5 

g 

1 

c 

1 

t 

1 

z 

1 

S   8   t 

1  percent... 
12  per  cent.. 
40  per  cent. . 
Nn 

c 

c 

T 

a   0 
S   S 

III 

3  per  cent... 
25  per  cent.. 
5  per  cent... 
50  percent.. 
47  percent., 
(i  percent... 
15  per  cent.. 

do 

1  per  cent... 

4  per  cent... 

1 

1 

1 

1 

■c 

^ 

^ 

5 

^ 

£ 

Z 

1 

(J 

i 

^ 

1 

1 

•z! 

gggggSgooggggogogg 


OTSQOCQOCDiO'XiiCOOOOOOOOOOOOO 

gCOiOO>?53c3'75l>cOCMClQOQOOOlO«"5gOO 


T 

c 

1 
-j- 

•^ 

•^ 

> 
1 

1 

! 

c 

-     Z 

S  8  S  SS.g 

o   r^   ^   «   « 

3 

gsssssssss 

§  8 

i 
> 

•c 

c 

X 

c 

t 

■5 

1 

1 
1 

T 

> 

'i 

1 
I 

c 

£ 

1 

1 

> 

^ 

^ 

c 

|2 

- 

c 

c 

1 

T 

1 
> 

j^  a  3  a  a  a 


a  a  a 


a^^aaaaaiaaaa 


o  o  a  "  <-"  a  a 
«  «     «  « 


§  S"  J?  ^  S' 
5  a  a  a  a 

—null.  ",<!— 


§3' 


S-S-l  5 


a     a^l:^     a5 


.iii^ 


;3()() 


I  I+  +  +I  I  I  I  I+  +  +  +  + 


p.  •§  p. 

S  m  2 


p.  p.  p.  ™  p. . 


a  Pi  p.  p, 


O    O    O    O     Q 


g    c«    ;=   ra    K   w 


-   •?   _    . 
wa  r'  CO 


Ui     <N     Ui 


9     ^     S 


odcioiciciM'mcdaS 


1  £  § 

^  S  x: 
>  M  o 


>  to  ;> 

s  s  s? 


2  8  1  S  I  8 
to  o  >  m  >  o 


aaa^aa^^:^.  aaaaaaaa^aa^'^^^^aaa 


S  J  8  S 

5-       fi-  i 


3  a  S 

it  I 


S5  j  j  ■*  J  S  S  2  S  j  J  S  S  j  j 

*<        »)     i->-^ai-i        i->a 


307 


+II++I++I+++I++  ++II+III+II   I   II 


g  -e  s  e 


t^  ^  ^  t^  7^ 

^  d   »  o.  «^  S.  o 

S  1  S  *:S'«  Z 

s  S.  s  s  S. 

IB 

Sp,p,S-p.S'P 

S's  §  5'z  s  oz  s 

p.  p.  p 

•V     (M     ■- 

"z 

1! 

z    : 

1 

a. 

:  fe  Z 

i  i  o 

S  s.  z 

1    :    :  1  Z 

z 

50QO00QOOOOgQQQggQgOQOO 


a  ■o   fc  2  -o  ■« 


o    i   -a   ''S  "^  "O 

.2  S  .»■ 

U    Oi    > 


c 

8  == 

2  e 


■a  S5 


o.  o 

1/3    M 


is    i= 
g    c 

m  > 


8  ^  So  p  >o  S 


o  o  t'  o 
»  pa  sj  « 


"^  ^.  6 

W  «  OS 


S  S  «   lo 


S  3  2  2  a 

i  i  t  3  o- 

H,     Hi     H,     >-,     "I 


O    S-,  S  Q  O 


3   §   §  3 
>->  ►I  '-1  H) 


;5()s 


+  +  +  +  + 


+  +  I  +  I  I  I  I  I  +  f  +  -h 


c  a  a  p. 


r^  2  "^  ^  ^  "^  "^ 


■a  g  g  g  g  i  -a  2  -a  8  g  , 

01  ja  +j  xi  +i  ^?i  ,«  +j  .™  .a  *.! 
>  o  m  u  w  >•  t^  CO 


O  eo  lO 

s  a  i 


U  O  U  U  O  wj 
p^  pa  EQ  Cq  03 


cj  m  o  > 

5*1  ci  CO  V  *T  ^  ^  '-• 

d  u  d  d  d  d  ^.  "^ 

«pqpqp5CQP9*'° 


309 


+  4-+I+  +  +  +  +  +    +I+  +  +    IIIII  + 


p,  a  J  ;  g,  o-  » 


p.  p.  p.  o  p,  , 


:  :  &H  :  :  ph  :  :  i*< 


lissssssiiiiiiii. 


:  :  :  Z 

S  S  8  S 

O  O  O  C^ 

I  I  s  i 


-<jl  rf  <ro  0(5  '^  -^ 


it 
—  d  ~  ■?  £ 

i  =  i  s  1 


11)  :;  ■  n  ^  ■ 

>  O  =3  o  S^  s 

i  S  'a  s  •§  5 

^3  a  »i  iJ  ^  * 

w  o  >  o  W  t- 


aSaaaaS^laasaas 


►;  >>  Q  k^  ^ 

.  o.  a    a  ^ 


310 


+  +  +  +ll    +    l    +    llll    +    lll+  +  +  H--t-l         + 


'z;;r&sr^;5^z8^ 


Ot-i<-<iOC150^S<OcO 


III  ^ J  I  3  5  g  3  ^.  ^. 
I  >  ! 


>  > 


m  1>  o  >  to  > 


pa 

aj 

a 


all  5l^ 


SI] 


+  +  +  I  I  +  I  I 


IIIII+++IIIII++ 


G   a   G   a   a  *i 


H 

p.  g^  ft  ft  2 
2  i'8  «  Z 

g^g_ftftftftftg_»g_g^g^    Ijj 

a 
S 

1  ■§  & 

1 

Z 

1 

1  z 

g  S?  8  g  g  g 


g  g 
8  g 


8  !;  S  S  « 


3  «^ 
83  g 


o  o  o  o  o 


o  o  o  s  > 


m  > 


O  >•  M  U  CO  > 


O  > 


M  > 


11 


S3 


s  [?  •<  a  ■?  •< 


s  a 


?3  S 


10.  THE  CHEMISTRY  OF  MILK. 


(313) 


THE  CHEMISTRY  OF  MILK. 


r.y  Joseph  H.  Kastle,   Chief  Division  of  Chemistry;  and  Norman  Roberts, 
Passed  Assistant  Surgeon,  Public  Health  and  Marine-Hospital  Service. 


PREFACE. 


In  the  following  pages  the  attempt  has  been  made  to  present  suc- 
cinctly and  yet  suiRciently  comprehensively  for  a  thorough  under- 
standing of  the  subject  what  is  known  to-day  regarding  the  chemi.stry 
of  milk,  and  to  give  the  results  of  the  analyses  of  the  Washington 
milk  supi)ly,  made  in  the  division  of  chemistry  of  the  hygienic  labora- 
tory during  a  period  of  twelve  weeks  extending  through  July,  August, 
and  September,  1907. 

Part  I  of  this  couimunication  deals  with  the  cheuiical  composition 
and  general  characteristics  of  milk. 

Part  II  deals  M'ith  the  chemical  changes  occurring  in  milk.  Under 
this  head  are  included  changes  in  the  composition  of  milk  brought 
about,  (1)  by  the  action  of  heat  and  acids,  (2)  by  the  action  of  the 
enzymes  of  milk,  (3)  by  the  action  of  the  digestive  ferments,  (4) 
by  the  action  of  bacteria  and  other  micro-organisms,  including  the 
lactic  acid  fermentation  and  the  abnormal  fermentations  of  milk. 
Under  this  last  section  a  few  pages  are  also  devoted  to  the  subject  of 
])oisoning  by  milk,  galactotoxismus.  Under  section  1  the  destructive 
effect  of  lieat  on  the  milk  enzymes  is  also  considered. 

Part  III  is  devoted  to  the  consideration  of  legal  standards  govern- 
ing the  sale  of  milk  in  various  localities. 

Part  IV  is  devoted  to  the  subject  of  milk  adulteration,  by  skim- 
ming, watering,  and  the  addition  of  foreign  substances,  including 
artificial  coloring  matters  and  milk  preservatives.  Some  attention 
has  been  paid  to  the  effect  of  artificial  coloring  matters  and  preserva- 
tives on  the  health  of  man. 

Part  V  is  devoted  to  the  general  consideration  of  the  Washington 
milk  supply.  Under  this  head  will  be  found,  (1)  a  brief  outline  of 
the  methods  enij)l()yed  in  milk  analysis,  (2)  the  results  of  our  analyses 
of  the  Washington  milk  sup])ly.  (;i)  conclusions  regarding  the  general 
character  of  the  Washington  milk  su])ply. 
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111  the  prepiiration  of  this  coiiuiiiinication  we  have  drawn  freely 
from  the  writings  of  numerous  authors  on  the  subjects  herein  con- 
^ddered.  In  every  instance  the  attempt  has  been  made  to  give  due 
credit  to  all  concerned  and  no  special  credit  is  claimed  for  any  orig- 
inality in  the  treatment  of  any  of  the  subjects  herein  presented. 
Free  use  has  been  made  of  many  treatises  and  worlvs  on  the  subject 
of  milk  and  milk  analysis  and  of  many  original  articles  and  mono- 
graphs treating  of  the  composition  of  milk,  the  rennin  coagulation, 
the  millv  ferments,  the  use  of  coloring  matters  and  preservatives  and 
their  possible  injurious  effects.  For  all  of  these  due  acknowledg- 
ment is  hereby  made.  To  Conn,  "Agricultural  Bacteriology,"  Phila- 
delphia, 1901,  we  are  especially  indebted  for  much  on  the  subject  of 
the  abnormal  fermentations  of  milk.  To  Leach,  "  Food  Inspection 
and  Analysis,"  New  York,  1!)07,  and  to  Van  Slyke,  "  Modern  Methods 
of  Testing  Milk  and  Milk  Products,"  New  York  and  London.  1!)07, 
for  methods  pertaining  to  milk  analysis,  and  for  valuable  data  on  the 
composition  of  milk  and  milk  adulteration.  To  the  health  office  of 
the  District  of  Columbia  we  are  indebted  for  much  assistance  during 
the  jirogress  of  the  work,  and  to  Prof.  Victor  C.  Vaughan,  of  the 
University  of  Michigan,  for  private  information  relative  to  recent 
progress  in  the  field  of  milk  poisons. 

PART  I.— THE  COMPOSITION  AND  GENERAL  CHARACTERISTICS  OF 

MILK. 

Milk  is  the  specific  secretion  of  the  mammary  glands."  The  milk 
of  a  number  of  animals  has  been  and  is  still  very  extensively  used 
as  food  by  man.  The  milk  of  different  animals  shows  a  general 
agi-eement  in  physical  properties  and  composition,  containing  essen- 
tially the  same  ingredients  but  exhibiting  differences  in  the  amounts 
of  the  several  constituents.  Of  all  the  different  kinds  of  milk,  tliat 
of  the  cow  is  the  most  universally  used,  and  in  what  follows,  unless 
expressly  stated  to  the  contrary,  it  will  be  understood  that  cow's  milk 
is  meant  whenever  the  term  "  milk  "  is  employed. 

In  the  perfectly  fresh  state,  milk  is  a  yellowish-white,  opaque  fluid. 
When  allowed  to  stand  undisturbed  for  some  time  it  separates  into 
two  distinct  layers.  The  upper,  lighter  layer,  occupying  a  smaller 
volume  tlian  the  lower,  heavier  layer,  is  what  is  called  "cream,"  and 
consists  largely  of  globules  of  fat.    The  lower,  heavier  layer,  white 

"  OrdiiKirily  milk  ii3  secreted  by  the  foniaU'  niiiinnial  only,  and  only  after  par- 
turition. In  some  Instances,  however,  the  nianiniiK  of  newborn  children,  males 
.•IS  well  as  females,  ;ilso  secrete  small  nmounls  of  a  milk-like  fluid  known  as 
witch's  milk;  and  still  more  rarely  milk  is  said  to  have  been  secreted  by  the 
miimmary  ulands  of  the  adnlt  human  nmle.  I'Muids  rcsemblin;,'  milk  arc  also 
formed  in  certain  patholoiiical  conditions.  .Ml  of  the.se  instances  :ire,  however, 
more  or  less  rare  and  warrant  no  further  considerallon  in  this  coimection.  Mllk- 
llke  secretions  of  vcKel.-ililc  orit;in  iirc  also  not  considered  in  this  communication. 
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or  bluish  white  in  color,  is  when  separated  known  as  "skim  milk.'' 
( )n  account  of  changes  due  to  the  growth  and  action  of  micro-organ- 
isms the  color  of  the  milk  may  be  altered;  for  example,  it  has  been 
I'lHind  under  certain  conditions  to  become  red,  blue,  yellow,  etc.  As 
is  well  known,  milk  when  fresh  possesses  a  distinctly  sweet  taste  and 
a  characteristic  odor.  It  is  heavier  than  water,  the  specific  gravity 
of  cow's  milk  ranging  from  1.027  to  1.035.  It  freezes  at  a  tempera- 
ture somewhat  lower  than  the  freezing  point  of  water — according  to 
Beckniann  (1),  at  — 0.5.54°  C.  Atkins  (2)  has  also  found  the  freez- 
ing point  of  milk  to  be  practically  constant,  viz,  — 0.55°  C.,  the  varia- 
tions from  this  mean  value  rarely  e.xceeding  0.03°  C. 

On  account  of  the  presence  of  dissolved  salts  of  various  kinds,  milk 
conducts  the  electric  current.  Koeppe  (3)  found  the  electrical  con- 
ductivity of  cow's  milk  to  be  43.8.  10-*  and  that  of  human  milk  to  he 
22.6.  10-*.  He  concludes  therefore  that  in  cow's  milk  0.072  and  in 
human  milk  0.04  grammolecules  (Molen)  exist  in  the  ionic  condition, 
or,  in  other  words,  that  in  cow's  milk  58  per  cent  and  in  human  milk 
26  per  cent  of  the  molecules  are  dissociated. 

The  specific  heat  of  milk  has  been  determined  by  Fleischmann  (4). 
For  milk  containing  3.17  per  cent  of  fat  he  finds  the  specific  heat  to 
be  0.9457.  This  same  author  also  determined  the  coefficient  of 
expansion  of  milk  by  heat  and  found  it  between  5°  and  15°  C.  to  be 
greater  than  that  of  water.  According  to  Fleischmann  (5)  milk 
shows  no  maximum  of  density  above  1°  C. 

The  viscosity  of  milk  has  been  determined  by  Soxhlet  (6)  using  a 
Reischauer  viscosimeter.  The  following  are  the  ratios  of  the  inter- 
vals required  for  the  delivery  of  the  same  volume  of  water  and  milk 
nt  diiferent  temperatures: 


Temperature. 

Ratio  of 
water 
to  milk. 

Temperature. 

Ratio  of 
water 
to  milk. 

100 :  221.1 

lOO :  207.7 
100 :  190.6 
100  :  18«.7 

ROC 

25°C 

100  ■  175  9 

10°C 

30°  C 

15°C 

The  microscopic  examination  of  milk  reveals  the  pi'osoiicc  of  great 
numbers  of  fat  globules,  and  according  to  Colin  (7)  and  also  Savage 
(S)  the  presence  also  of  leucocytes  and  streptococci  derived  from  the 
udder  of  the  cow.  (For  further  information  on  this  subject  see 
ai'ticic  l.">  of  this  Iiiilletin,  "Tlie  significanre  of  leucocytes  and  strep- 
tococci in  milk,"  l)y  W.  \V.  Miller.) 

Lawrence  (7!))  has  I'ecently  observed  an  instance  of  (lie  appeai'anco 
of  typhoid  bacilli  in  the  milk  of  a  nursing  woman  ill  with  typhoid 
fever. 
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With  the  higher  powers  of  the  microscope  various  forms  of  bacteria 
can  be  distinguished,  some  of  which  at  least  play  an  important  part 
in  the  changes  which  take  place  when  milk  is  kept  for  some  time  at 
ordinary  temperatures.  The  perfectly  fresh  milk  of  carnivorous 
animals  is  as  a  rule  acid  in  reaction.  According  to  Leach  (9)  the 
acidity  of  fresh  milk  is  due  to  carbon  dioxide  and  acid  phosphates, 
and  according  to  Richmond  (10)  to  mono-  and  di-phosphates. 
Human  milk  and  that  of  herbivora  is  slightly  alkaline  and  cow's 
milk  has  been  described  as  amphoteric;  that  is,  it  is  alkaline  to  red 
litmus,  acid  to  blue  litmus.  Vogel  (11)  states  that  he  has  never  yet 
found  perfectly  freshly  drawn  cow's  milk  to  show  a  decidedly  alka- 
line reaction  to  litmus.  In  the  greater  number  of  instances  the  reac- 
tion of  freshly  drawn  milk  was  either  neutral  or  transiently  acid.  On 
standing  exj^osed  to  the  air  for  some  time  all  forms  of  milk  become 
more  or  less  acid  in  reaction  in  consequence  of  the  conversion  of  milk 
sugar  into  lactic  and  other  acids  by  the  action  of  various  micro-organ- 
isms, until  finally  considerable  amounts  oi  acid  are  produced,  which 
are  responsible  for  the  souring  and  curdling  of  the  milk  ordinarily 
observed. 

For  further  information  relative  to  the  reaction  of  human  and 
cow's  milk  and  for  a  theoretical  explanation  of  the  acidity  and 
alkalinity  shown  by  these  milks,  see  Courant,  pp.  349-350. 

Milk  consists  chiefly  of  water.  In  addition  to  this  it  contains  fat, 
lactose,  several  proteids  (see  Halliburton  (1'2)),  such  as  caseinogen, 
lactalbumin,  lactoglobulin,  opalisin,  and  lactomucin,  and  a  number  of 
salts.  It  also  contains  certain  dissolved  gases,  such  as  oxygen,  nitro- 
gen, and  carbon  dioxide.  The  oxygen  and  nitrogen  are  carried  into 
the  milk  mechanically  in  the  process  of  milking.  Carbon  dioxide  is 
present  in  milk  to  the  extent  of  3  or  4  per  cent  by  volume  and  partly 
esca])es  into  the  air  when  milk  is  drawn  from  the  udder.  Besides  the 
substances  already  mentioned  still  others  have  been  found  in  milk 
in  small  quantities.  Among  these  may  be  mentioned  lecithin  (13), 
cholesterol  (14),  citric  acid  (15),  lactosin,  a  new  carbohydrate 
(16),  and  orotic  acid  (17).  This  substance  has  the  com])osition 
C.-,H.,().,N2.H,0,  and  is  believed  by  its  discoverers  to  have  the  con- 
stitution : 

NH.CH,.(^()  NH.  CO.CH, 

CX)<  I      or  CO<  I 

NH.CO.CO  NH.CO.CO. 

Sherman,  Berg,  Cohen,  and  AVhitman  (IS)  found  small  amounts  of 
ammonia  in  fresh  milk.  According  to  Trillat  and  Sauton  (19)  the 
presence  of  annnonia  in  fresh  milk  is  usually  indicative  of  contamina- 
tion. According  to  Schiindorf  (20)  human  milk  contains  small 
amounts  of  urea.  .lolles  (21)  and  others  liinc  railed  attention  to 
the  rclativclv  l;n-<r('  amounts  of  iron  wliirh   woman's  inilli  normally 
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lontains,  and  to  its  influence  un  the  liealth  of  tiie  child.  Camerer 
(22)  found  21  milligrams  of  iron  oxid  in  100  cubic  centimeters  of 
human  milk  from  the  third  to  the  twelfth  day  of  lactation.  Accord- 
ing to  Jolles  and  Friedjung  (23)  the  quantity  of  iron  in  human  milk 
decreases  with  bad  environment  and  poor  condition  of  the  mother. 

In  certain  diseased  conditions  milk  may  contain  still  other  sub- 
stances not  ordinarily  present  in  the  milk  of  healthy  animals.  P"or 
example.  Van  der  Marck  (24)  has  detected  bile  in  the  milk  of  a 
woman  who  had  developed  jaundice  after  confinement,  and  Des- 
moulieres  and  Gautrelet  (25)  have  found  that  the  so-called  lipo- 
chrome  of  cow's  milk  consists  almost  entirely  of  urobilin.  Still  other 
substances  are  sometimes  acquired  by  milk  either  from  the  food  of 
the  animal  or  from  its  environment  after  its  removal  from  the  animal. 
Bordas  and  Touplain  (26)  have  shown  for  example  that  milk  rapidly 
absorbs  certain  odoriferous  substances  from  the  air,  and  Dombrowski 
(27)  has  shown  that  the  odor  and  flavor  of  certain  seeds  and  plants 
are  imparted  to  the  milk  by  feeding  with  these  substances.  An 
excellent  example  of  this  is  furnished  in  the  case  of  garlic.  Ac- 
cording to  Rosemann  (28)  alcohol  passes  into  the  milk  when  admin- 
stered  to  an  animal  in  large  amounts.  Similarly  Teichert  (29)  ob- 
served that  the  milk  of  cows  fed  90  per  cent  "  slump  "  contained  fusel 
oil  and  that  calves  fed  with  such  milk  died.  According  to  Bechamp 
{W)  even  freshly  drawn  milk  contains  recognizable  amounts  of 
alcohol  and  acetic  acid.  Golding  and  Feilmann  (31)  detected  copper 
in  a  certain  milk  supply,  and  have  shown  that  in  the  presence  of  air 
milk  has  the  power  of  dissolving  small  quantities  of  this  metal. 

In  addition  to  the  substances  already  mentioned,  normal  milk  con- 
tains a  number  of  enzymes,  such  as  diastase  (amylase),  galactase, 
lipase,  catalase,  peroxidase,  reductase,  etc.  The  presence  of  these 
ferments  serves  to  distinguish  raw  from  boiled  milk.  According  to 
Marfan  and  Gillet  (32)  milk  is  not  an  inactive  fluid,  but  possesses 
certain  properties  peculiar  to  living  substances.  According  to  these 
authors  it  contains  ferments  and  gives  Borders  reaction  (see  p.  33;")), 
w  iiich  reaction  is  not  shown  by  dead  material.  It  also  shows  Moro's 
reaction  (see  p.  335).  These  specific  ferments  of  milk  and  its  char- 
acteristic biochemical  reactions  will  1)(>  {'onsidercd  at  length  under 
milk  enzymes  (see  pp.  335  to  342). 

Woodhead  and  Mitchell  (33)  have  recently  shown  tiiat  niillc  also 
contains  opsonins  in  even  greater  quantity  than  blood  serum.  It 
also  contains  alexins  and  bactericidal  sul)stances.  According  to 
Brieger  (34)  and  his  coworkers,  the  milk  of  animals  immunized 
against  diphlhci'ia  and  tetanus  contains  antitoxins. 

A  very  good  idea  of  th(>  quantities  of  the  several  more  important 
substances  contained  in  milk  may  be  obtained  from  the  following 
schemes  conq)iled  bv  liUcius  L.  Van  Slvke  (35)  and  S.  M.  Babcock 
(3<;)  : 


H'iO 


-     -.  .  _  „    S    taS  So  o  g«;3'; 
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According:  to  Farmers'  Bulletin  Xo.  29,  United  States  Department 
of  Agriculture  (37),  1805,  cow's  milk  has  the  following  composition: 

Per  cent. 

Water  -87 W.Q 

.6  3.6 

|Ca.sein » 3. 3 

I  Albumin 0. 7 

I  ~~~1  Milk  sugar 4.7 

iw  «-°Uh....  _ori 

100. 0 

Van  Slyke  (38)  gives  the  following  average  analysis  of  cow's  milk: 


jFat 
.13- Solids  not  fat 


Water. 

Total 
solids. 

Fat. 

Casein. 

Albu- 
min. 

Sugar. 

Ash. 

.\viTage  of  5,552  American  analyses  compiled  by 
1  li 0  author 

A  \  erage  cheese-factory  milk  for  the  season  (May 
Ici  November)  in  Now  York  State 

87.1 
87.4 

12.9 
12.6 

3.9 
3.75 

2.5 
2.45 

0.7 
0.7 

5.1 
5.0 

0.7 
0.7 

The  following  compilation,  according  to  Leach  (39)  from  Koenig's 
("hcmie  der  menschlichen  Nahrungs- und  Genussmittel,  gives  a  very 
good  idea  of  the  composition  of  human  milk  and  that  oi  a  uiunber  of 
different  animals: 


iirrof 
iinaly- 

Kind  of  milk. 

Specific 
gravity. 

Water. 

Ca.sein. 

Albu- 

Total 
proteids. 

Fat. 

Milk 
sugar. 

Ash. 

800 

Cow's  milk: 

l.()264 

l.o:;70 

1.0315 

1.0270 
1.0320 

80.32 
90.32 
87.27 

81.09 
91.40 
87.41 

82.02 
90.16 
8,5.71 

71.47 
87.02 
80.82 

9^.78 

89.64 

1.79 
6.29 
8.02 

0.18 
1.96 
1.03 

2.44 
3.94 
3.20 

3.69 
5.69 
4.97 

l.'M 

0.67 

0.23 
1.44 
0.53 

0.32 
2.36 
1.26 

0.78 
2.01 
1.09 

0.83 
1.77 
1.55 

0.75 

1.65 

2.07 
6.40 
3. 55 

0.69 
4.70 
2.29 

1.07 
0.47 
3.64 

1.43 
6.83 
3.78 

3.10 
7.  .55 
4.78 

2.81 
9.80 
6.86 

1.21 

1.64 

2.11 
6.1'2 
4.88 

3.88 
8.34 
6.21 

3.-20 

,5.77 
4.46 

2.76 
7.95 
4.91 

6.67 

5.99 

0.35 

1.21 

0.71 

200 

Human  milk: 

Minimum 

0.12 

Maximum 

1.90 

0.31 

200 

Goat's  milk: 

1.0280 
1.0300 
1.0305 

1.0298 
1.0385 
1.0341 

1.0347 

1.0360 

0.39 

4.29 

1.06 

Mean       

0.76 

;i2 

Ewe's  milk: 

0.13 

1.72 

6.  ,52 
1.  99 
2.22 

0.89 

47 

Mare's  milk: 

0.35 

5 

AsH'Hmllk: 

0.61 

I II I    r.iiii.  .^.(!— 00- 


322 


Bunge  (40)  gives  the  following  table  showing  the  results  of  analy- 
ses of  the  milks  of  a  numlier  of  different  animals : 
One  hundred  parts  of  milk  contain — 


Human. 

Dog. 

Cat. 

Rab- 
t,it. 

Hiiinea 
I'ig. 

Sow. 

Ele- 

I. 

II. 

III. 

phant. 

Casein 

1.2 
0.5 
1.7 
3.8 
6.0 
0.2 

1.5 
3.3 
6.6 
0.3 

5.2 
1.9 
7.1 
12.5 
3.5 
1.3 

3.1 
6.4 
9.5 
3.3 
4.9 
0.6 

1.7 
3.1 
5.9 
0.2 

15.5 
10.5 
2.0 
2.6 

11.2 
45.8 
1.3 
0.6 

5.9 
6.9 
3.8 
1.1 

3.1 

19.6 

8.S 

0.7 

Horse. 

Ass. 

Cow. 

Goat. 

Sheep. 

Rein- 
deer. 

Camel. 

Llama. 

Por- 
poise. 

1.2 
0.8 
2.0 
1.2 
ri.7 
0.4 

0.7 
1.6 
2.2 

1.6 
6.0 
0.5 

3.0 
0.5 
3.5 
3.7 
4.1) 
0.7 

3.2 
1.1 
4.3 
4.8 
4.5 
0.8 

5.0 
1.6 
6.5 
0.9 
4.9 
0.9 

8.4 
2.0 
10.4 
17.1 
2.8 
1.5 

8.0 
0.9 
3.9 
3.2 

5.6 
0.8 

4.0 
3.1 

5.6 
0.8 

o7.6 

Fat 

Sugar 

Ash 

43.8 
0.5 

"  I'rotoids  and  sugar  of  milk. 

He  calls  attention  to  the  extreme  variability  in  the  composition 
of  the  milk  of  different  animals.  The  large  amount  of  fat  contained 
in  some  of  these  milks  is  certainly  very  striking.  On  the  other  hand, 
the  milks  of  most  of  these  species  show  a  reasonable  .similarity  so 
far  as  the  amounts  of  the  several  constituents  are  concerned. 

H.  Droop  Richmond  (41)  has  made  a  very  large  number  of  analy- 
ses of  milks  sold  in  England.  As  a  rule  he  found  the  average  corn- 
position  of  the  milks  produced  in  that  country  to  be  considerably  in 
excess  of  the  legal  requirements.  The  following  table  will  give  some 
idea  of  the  results  of  his  analyses  for  a  number  of  rears: 


Year. 

Number 
of  milks 
analyzed. 

Total 
solids. 

Fat. 

Year. 

Number 
of  milks 
analyzed. 

Total 
solids. 

Fat. 

1900 

13,798 

13,936 

.  12,914 

'  15,313 

12.57 
12.63 
12.73 

12.78 

3.61 
3.72 
3.82 
3.83 

15,910 

14.828 

12.68 
12.70 

12.64 

1901 

1905 

S.7S 

1902 

1906  

3.71 

1903    .  .             

'i'liis  author  (42)  also  gives  a  single  analysis  of  woman's  milk  and 
that  of  a  she  ass,  which  are  worthy  of  record  in  this  connection : 


Kind  of  milk. 

Total 
solids. 

Fat. 

Sugar. 

rroteide. 

Ash. 

Solids 
not  fat. 

Acidity. 

10.27 
13.97 

1.45 

6.61 

5.05 

2.09 
1  27 

O.M 

(8.82) 
8  36 

0.54 
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Billitz  (43)  gives  the  following  results  of  the  analyses  of  187,610 
specimens  of  milk  produced  in  Lombardy  during  the  years  1892  to 

11)02: 

Specific   gravity !•  0315 

Fat 3.  55 

Solids  not  fat 8.81 

The  jDoorest  milk  from  a  herd  of  50  cows  gave  the  following 
numbers: 

Specific   gravity 1.  0306 

Fat - 2.70 

Solids  not  fat 8.45 

The  richest  milk  from  a  herd  of  80  cows  gave  the  following : 

Specific  gravity 1.0326 

Fat 4.10 

Solids  not  fat 9.23 

These  figures  suffice  to  give  an  idea  of  the  average  composition  of 

milk. 

On  the  other  hand  cow's  milk  is  liable  to  extreme  variations  in 

composition.     For  example.  Cook  and  Hills  (44)  have  recorded  the 

following  analysis  of  the  milk  of  a  Jersey  cow  just  before  she  went 

dry: 

Total  solids 28.  43 

Fat 14.  67 

Solids  not  fat 13.76 

Casein  and  albumin 9.98 

Millv  sugar 2.33 

Ash 1.44 

This  milk  is  remarkable  for  the  large  amounts  of  fat,  proteid,  and 
ash,  and  for  the  small  amount  of  milk  sugar.  According  to  these 
authors  there  seems  to  be  no  other  record  of  a  milk  showing  more 
fat  than  solids  not  fat.  On  the  other  hand  AVanters  (45)  has  recorded 
analyses  of  several  milks  showing  very  small  amounts  of  fat  and 
nonfattv  solids: 


1.319  to  2. 576 
1.250  to  2. 965 


5. 031  to  7. 635 
6.19  to  8. 085 


The  ash  of  these  milks  was  abnormally  high. 

Janke  (4(1)  also  reports  the  results  of  analyses  of  certain  samples 
of  milk  su])pli('d  the  city  of  Bremen.  The  samples  were  taken  in 
the   presence  of  a    police  officer  and   are  remarkable   foi'  (he   sniiill 
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amounts  of  total  solids  and  fat   wliich  thev  contained.     His  results 
are  as  follows: 


(o). 
(6). 


7.71 
6.80 
8.23 


Out  of  another  lot  of  103  .■samples  analyzed  by  this  chemist  (-iT), 
the  poorest  milk  had  a  specific  gravity  of  1.0275  and  contained  9.04 
per  cent  total  solids  and  1.60  per  cent  of  fat. 

The  composition  and  also  the  yield  of  milk  have  been  found  to 
vary  with  the  seasons  of  the  year,  with  the  diaracter  of  the  food, 
with  the  condition  of  the  animal,  and  also  whether  it  is  fatigued  or 
at  work  or  at  rest.  It  is  also  subject  to  some  diurnal  variation 
(Richmond  (48)).  It  is  also  influenced  by  the  addition  of  certain 
stimulants  and  nitrogenous  compounds  to  the  food.  It  also  varies 
in  composition  during  the  course  of  lactation  and  also  at  different 
stages  of  the  same  milking.  Sherman  (49)  has  shown  by  monthlj' 
analyses  extending  over  two  years  on  a  herd  of  GOO  cows  that  the 
per  cent  of  proteids  in  milk  and  likewise  the  fat  varies  with  the 
season,  being  higher  in  autumn  and  winter  than  in  the  spring  or 
summer.  On  the  other  hand  the  percentage  of  lactose  remains  prac- 
tically constant  throughout  tlie  year.  Richmond  (50)  also  found 
the  lowest  percentage  of  fat  in  May  and  June  and  the  highest  during 
the  winter  months.  On  the  other  hand  he  found  that  the  geology 
of  the  region  over  which  the  herd  grazed  exerted  but  little  influence 
on  the  composition  of  the  milk. 

Concerning  the  effect  of  food  on  the  composition  of  milk,  there 
seems  to  be  a  good  deal  of  difference  of  opinion  among  different  in- 
vestigators, some  holding  that  the  character  of  the  food  exerts  a 
great  influence  on  the  character  of  the  milk,  others  maintaining  that 
this  influence  is  but  slight  if  any.  According  to  Albert  and 
Maercker  (51)  rations  rich  in  fat  cause  a  decided  increase  in  the  fat 
of  the  milk.  If  this  however  be  continued  for  long  intervals  the 
fat  falls  to  its  original  amount  with  the  poorer  rations.  Rhodin  (52) 
found  that  emulsified  oils  cause  an  increase  in  the  amoiuTt  of  fat, 
followed  by  a  return  to  the  normal  amount.  These,  observations 
were  confirmed  by  Hiirtlet  (5;i). 

Gogitidse  (54)  found  tliat  by  feeding  sIkh'I)  with  linseed  oil  the  fat 
of  llic  milk  could  be  made  to  contain  as  much  as  ;53  per  cent  of  lin- 
seed fat.  Ilills  (55)  observed  that  the  addition  of  cotton  seed,  maize, 
or  linseed  oils  to  the  food  of  cattle  tends  to  increase  the  yield  of  milk 
per  unit  of  dry  niiiltcr  fed.     A\'ith  colton-seed  oil  tlu'rc  seemed  to  be  a 
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fairly  periDuneiit  increase  of  0.2  to  0.3  per  cent  of  fat  in  the  milk. 
On  the  other  hand  maize  and  linseed  oils,  when  given  as  a  regular 
diet,  while  causing  a  marked  increase  in  the  fat  at  first,  seemed  to 
lower  the  i)ercentage  of  fat  in  the  later  stages  of  the  experiment. 
Essentially  similar  results  have  been  obtained  by  V.  Henriques  and 
Hansen  (5()).  Sebelien  (57)  has  found  that  the  etfect  of  feeding 
whale  meal  was  to  increase  the  yield  of  milk  G  per  cent  during  the 
period  when  it  was  given.  There  was  no  after  etfect.  The  absolute 
amount  of  fat  was  increased  during  the  first  period  of  whale-meal 
feeding,  but  sank  during  the  last  period  to  the  amount  produced  in 
the  preliminary  period.  The  percentage  of  fat  was  not  altered  by  the 
whale  meal  when  this  was  given  as  additional  food,  but  was  lowered 
when  an  extra  quantity  of  it  was  given.  Wing  (58)  found  that  the 
addition  of  fat  to  the  fodder  neither  increased  the  quantity  of  milk 
nor  the  amount  of  fat  which  it  contained.  Morgen,  Beger,  Finger- 
ling,  Doll,  Ilancke,  Sieglin,  and  Zielstorff  (59)  working  together, have 
shown  as  the  result  of  an  extensive  series  of  investigations  on  the 
etfect  of  foods  and  food  fat  on  the  ])roduction  of  milk  and  milk  fat  in 
sheep  and  goats  that  food  almost  free  from  fat  maintained  the  ani- 
mals in  healthy  condition  and  increased  the  live  weight  of  the 
animal,  but  that  such  foods  were  vmsuital)le  for  milk  production.  Food 
fat  in  small  quantities,  0.5  to  1  gram  weight  per  kilo  of  the  animal 
was  found  to  promote  the  production  of  milk  fat.  Tliey  proved  fur- 
ther that  so  far  as  their  etfect  on  milk  production  and  the  increase  of 
fat  in  milk  is  concerned,  stimulants  are  only  desirable  in  certain  cases. 
These  investigations  have  been  further  extended  by  these  observers 
working  together  or  alone.  For  example,  IMorgen,  Beger,  and  Fin- 
gerling  (CO),  as  the  result  of  studies  extending  over  six  j'ears,  have 
reached  the  conclusion  that  of  all  foods,  fat  alone  exerts  a  specific 
action  on  the  production  of  milk  fat,  proteids  and  carbohydrates 
exerting  no  such  action,  and  that  within  certain  limits  fat  is  the  most 
suitable  of  all  foods  for  milk-fat  i^roduction.  In  this  same  con- 
nection, Fingerling  (CI)  has  shown  that  the  replacement  of  food 
deficient  in  fat  (l)arley  meal)  by  one  containing  more  fat  (rice  meal) 
increased  both  the  absolute  amount  and  the  percentage  of  fat  in  the 
milk.  From  a  study  of  the  influence  of  stimulants  on  the  consump- 
tion and  digestibility  of  food  and  the  secretion  of  milk  he  (C2)  has  also 
arrived  at  the  conclusion  that  when  added  to  foods  entirely  free  from 
stimulants  the  effect  of  the  stimulant  is  to  increase  the  consumption 
of  food  and  the  yield  of  milk  and  milk  constituents.  When  how- 
ever stinndants  are  added  to  foodstuffs  already  containing  such  sub- 
stances they  are  without  effect  on  the  yield  of  milk.  He  concluded 
theref(n-e  that  they  are  of  use  only  in  special  cases,  as,  for  example, 
wlieii  cattle  are  fed  with  hay.  Tn  such  cases  the  addition  of  such 
materials  to  the  food  as  fenugreek,  anise,  and  caraway  seed  is  to  be 
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recommended.  According  to  Temesvary  (63)  beer  increases  the 
amount  of  milk  fat.  Morgen,  Beger,  and  Fingerling  (64)  have  also 
investigated  the  influence  of  fat  and  other  substances-:  on  milk  produc- 
tion when  fed  in  connection  with  a  scanty  basal  meal.  They  have 
observed  an  increase  in  the  yield  of  milk  and  an  increase  in  the  per- 
centage of  fat  amounting  to  0.14  per  cent  when  such  quantities  of  fat 
were  added  to  the  food.  The  addition  of  large  quantities  of  fat  to  the 
food  caused  a  further  increase  in  the  yield  of  milk,  but  was  found  to 
vary  in  its  effect  on  milk-fat  jjroduction,  sometimes  causing  an  in- 
crease, sometimes  a  decrease.  Caspari  (65)  has  shown  that  iodized 
fats  appear  in  the  milk  even  though  the  food  be  poor  in  fats  and 
rich  in  carbohydrates.  He  therefore  concludes  that  some  of  the 
fat  of  milk  comes  from  the  fat  of  the  food.  Later  (66)  he  showed 
that  when  iodocasein  and  iodoalbumin  are  fed  to  an  animal  no  traces 
of  iodized  fats  appear  in  the  milk.  On  the  other  hand  there  are 
those  who  hold  that  the  addition  of  fat  to  food  does  not  increase  the 
quantity  of  fat  in  milk  and  that  there  is  no  direct  migration  at  least 
of  the  fat  of  the  food  to  the  milk.  Such  a  conclusion  was  arrived  at 
by  Einecke  (67)  from  his  experiments  with  goats.  With  liberal  com- 
prehensive rations  the  yield  of  milk  and  fat  depends,  according  to 
this  observer,  on  the  individuality  of  the  animal.  The  milk  from 
cows  grazing  ofi'  the  poor,  dried-up  grass  on  the  plateau  of  Setif,  in 
Algeria,  has  been  compared  by  Malmejac  (68)  with  that  of  cows  fed 
on  rich  forage  with  the  following  results: 


Poor  dry  grass. 

Rich  forage. 

11. 62  to  14. 25 
3. 33  to   3.50 
3.13  to   4.46 
4.53to   5.64 
O.eOto    0.90 

4.05  to   4.90 

3. 33  to   4. 54 

4. 47  to    5. 55 

Ash 

0. 82  to   0. 93 

Except  for  the  proteids,  the  differences  in  composition  are  obviously 
in  favor  of  the  inilk  j)roduced  on  the  richer  diet.  AVoU  (69)  ob- 
served that  as  a  food  for  milch  cows  silage  increases  the  yield  of  milk 
and  butter  3  per  cent  over  that  produced  with  maize  fodder  when  the 
area  of  land  required  to  produce  the  two  foods  is  taken  into  account. 
Some  .studies  have  also  been  made  of  the  effects  of  certain  definite 
nitrogen  and  pliosphorus  compounds  on  the  production  of  milk  and 
milk  fat.  Morgen.  Herger,  and  Fingerling  ((iO)  have  investigated  the 
effect  of  adfling  lecithin  to  food.  This  substance  seemed  to  increase 
the  yield  of  milk  and  al.so  the  live  weight  of  the  animal.  It  was 
found,  however,  to  be  favorable  to  the  production  of  milk  fat  only 
when  it  was  fed  in  conjunction  with  other  foods  deficient  in  fat. 
I'feiffer,  Einecke,  and   Schneider   (70)    have  shown   (hat  asparagin 
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when  substituted  for  proteiils,  along  with  cane  sugar,  caused  no  dimi- 
nution in  the  yield  of  milk,  in  fact  in  some  instances  it  seemed  to 
cause  an  increase,  but  the  amount  and  percentage  of  fat  in  milk  was 
diminished.  The  feeding  of  this  compound  also  acted  unfavorably 
on  the  increase  in  live  weight,  and  caused  a  reduction  in  the  percent- 
age of  proteids  and  dry  matter  in  the  milk.  Morgen,  Beger,  and 
AVesthauser  (71)  have  reached  the  conclusion  that  amino  compoimds 
can  not  take  the  place  of  proteids  in  milk  production,  but  that  they 
exert  a  gi'eater  effect  than  carbohydrates. 

It  has  been  observed  that  the  actual  yield  of  milk  diminishes  in 
the  later  period  of  lactation.  According  to  Trunz  (72),  however, 
the  specific  gravity  of  the  milk,  and  most  of  the  solids,  including  the 
proteids,  are  relatively  increased,  while  the  proportion  of  albumin 
to  casein  remains  remarkably  constant  throughout  the  entire  period 
of  lactation.  This  same  investigator  (73)  has  also  made  an  exhaust- 
ive study  of  the  mineral  constituents  of  cow's  milk  and  their  varia- 
tion during  the  period  of  lactation  with  the  result  that  he  has  found 
considerable  variation  in  the  ash  contents  during  the  lactation 
period  and  that  the  total  quantity  of  ash  varies  from  time  to  time 
throughout  the  period,  being  as  a  rule  less  during  the  spring  and 
summer  months  than  during  the  autumn  and  winter  months. 

Hardy  (74)  claims  to  have  shown  that  the  milk  of  a  given  cow 
varies  in  composition  at  the  different  stages  of  milking.  Thus 
taking  the  milk  in  quantities  of  one-half  liter  at  a  time  the  milk  of 
one  cow  gave  the  following  successive  numbers  for  fat:  2.2,  2.9,  3.5, 
3.75,  3.8,  and  4.C5  per  cent.  The  solids  rose  from  10.52  to  12.70 
and  the  ash  from  0.74  to  0.75  per  cent.  The  composition  of  the  milk 
.serum  was  found  to  remain  the  same  throughout  the  milking. 

On  the  other  hand  Ackermann  (7.5)  claims  that  the  conclusion  that 
the  fat  in  milk  increases  regularly  during  the  process  of  milking,  as 
this  is  ordinarily  carried  out,  is  incorrect.  He  has  found,  however, 
that  by  milking  the  teats  singly  or  in  pairs  the  fat  did  show  an  in- 
crease up  to  a  maximum  at  the  end  of  the  milking  and  that  on  draw- 
ing the  milk  from  the  second  pair  of  teats  the  quantity  of  fat  was 
slightly  more  at  the  connnencement  than  that  given  by  the  first  pair 
and  rose  at  the  end  of  the  milking  to  a  higher  maximum.  The  in- 
crease is  probabl}'  due  to  a  mechanical  or  physiological  stimulus. 

The  effect  of  work  and  fatigue  on  the  quantity  and  quality  of  the 
milk  has  also  been  studied  by  several  observers.  Hills's  (7(>)  results 
would  seem  to  show  that  there  is  a  slight  falling  off  in  the  quantity' 
of  milk  i)roduced  as  a  result  of  fatigue,  122.5  pounds  against  131.4 
pounds  after  rest.  The  total  solids  and  the  fat  were  found  to  be 
slightly  higher  during  the  ])eriod  of  fatigue  than  after  rest.  Dornic 
(77)  also  has  shown  that  tlie  yield  of  milk  is  diminished  slightly  as 
the  result  of  woik.      The  div  matter  and  tlu^  amount   of  acid  were 
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slightly  increased.  It  was  further  observed  by  this  investigator 
that  work  exerts  a  harmful  influence  on  the  quality  of  the  milk, 
especially  on  its  keeping  qualities.  For  example  it  was  found  in 
the  case  of  a  certain  cow  that  ordinarily  her  milk  curdled  when  (he 
acidity  i-eached  70°-75°,  whereas  the  milk  of  the  same  cow  when 
fatigued  by  work,  curdled  when  the  acidity  reached  4.5°.  Accord- 
ing to  Moerman  (78)  also,  work  lessens  the  amount  of  milk  secreted 
and  raises  the  proportion  of  solids.  The  differences,  however,  in 
the  quantity  and  (juality  of  the  milk  in  all  of  these  investigations 
were  only  slight,  indeed  in  some  instances  the  results  obtained  were 
not  very  definite. 

PART   II.— CHANGES   IN   THE   COMPOSITION   OF   MILK. 

On  account  of  the  milk  sugar  and  proteids  which  milk  contains,  it 
is  an  exceedingly  un.stable  liquid.  AVhen  first  drawn  from  tlie  cow,  it 
has  a  characteristic  odor  and  a  sweet  taste.  Even  in  the  perfectly 
fresh  state,  it  reacts  acid  to  phenolphthalein.  The  acidity  of  fresh 
milk  is  due  jnimarily  to  carbonic  acid  and  acid  phosphates  and  also 
in  part  to  dicalcium  ca.seinogenate.  According  to  Thiirner  (1)  the 
acidity  of  fresh  milk  varies  between  1-2  and  1(5  degrees.  According  to 
Richmond  (2)  it  has  an  acidity  of  20  degrees.  On  standing  exposed 
to  the  air  for  some  time  it  gradually  loses  its  sweet  taste.  The  sugar 
of  milk  is  gradually  transformed  into  lactic  acid  through  the  action 
of  bacteria.  The  milk  becomes  sour  to  the  taste  and  ultimately  clots 
or  curdles  as  the  result  of  the  precipitation  of  the  caseinogen  by  the 
combined  action  of  acids  and  soluble  calcium  salts.  Stokes  (3)  gives 
figures  and  tests  to  show  that  milk  having  an  average  acidity  of  44 
degrees,  corresponding  to  0.3!)f)  per  cent  of  lactic  acid,  ta.stes  sour. 
According  to  Richmond  (2)  milk  tastes  sour  when  the  acidity  reaches 
45  degrees,  corresponding  to  0.405  per  cent  lactic  acid,  and  when  it 
has  an  acidity  of  85  degrees,  equivalent  to  0.765  per  cent  of  lactic 
acid,  it  curdles  at  ordinary  temperatures. 

Under  certain  conditions,  milk  may  also  develop  rancid  and  cheesy 
odors  which  render  it  quite  disagreeable. 

The  principal  changes  occurring  in  milk  are  those  ])roduced  by — 

(1)  The  action  of  heat  and  acids. 

(2)  The  action  of  milk  enzymes. 

(3)  The  action  of  the  digestive  enzymes. 

(4)  Bac((>i'ia  and  various  other  micro-organisms. 

I'AUI     II.       (1)    CllANCilCS    IN    Mll.K    IMillDrclOI)   1!V   THE   .\('TION    OF    MEAT   AND  ACIUS. 

\\nu!n  milk  is  heated  a  film  or  skin  forms  on  the  surface,  which, 
accoi'ding  to  Jamison  and  Hertz  (4),  is  due  to  the  drying  and  coagu- 
lation of  a  jiart  of  the  proteids  which  the  milk  contains.  They 
have  shown  that  such  a  skin  may  be  formed  on  the  surface  of  any 
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;i|l)uminous  solution  containiiiijj  fnt  or  panifliii.  liettgcT  (5)  also 
has  arrived  at  the  conclusion  that  its  formal  ion  is  dependent  on  the 
presence  of  proteid.  This  proleid  is  caseinogen.  Surface  eva])ora- 
tion  and  the  presence  of  fat  facilitate  its  formation  although  neither 
is  absolutely  essential.  According  to  Harris  ((>),  also,  the  scum  of 
boiling  milk  consists  very  largely  of  caseinogen.  It  is  also  well 
known  that  certain  changes  occur  in  the  odor  and  taste  of  milk  as 
the  result  of  boiling.  These  changes  seem  to  be  due  to  the  partial 
decomposition  of  certain  of  the  proteids  with  the  liberation  of  a 
volatile  sulphide,  probably  hydrogen  sulphide.  That  such  is  the  case 
has  been  proven  by  Rettger  (7).  and  also  by  Franz  Utz  (8).  Accord- 
ing to  the  former,  when  milk  is  heated  to  85°  C.,  a  volatile  substance, 
probably  hydrogen  sulphide,  is  liberated.  The  amount  of  this, 
though  small,  suffices  to  blacken  lead  acetate  paper  and  to  decolorize 
dilute  solutions  of  potassium  permanganate.  He  found  that  alkalis 
and  alkali  j^hosphates  accelerate  the  formation  of  the  sulphide, 
whereas  acids  and  acid  phosphates  retard  this  change.  According 
to  this  author  this  change  is  believed  to  indicate  proteid  decomposi- 
tion, and  may  partly  account  for  what  some  observers  describe  as 
the  injurious  effect  of  heating  milk.  These  observations  have  been 
confirmed  by  .Utz  (8),  who  was  able  to  recognize  the  hydrogen 
sulphide  resulting  from  the  boiling  of  milk  by  lead  acetate  paper 
and  also  by  Ganassini's  reagent 

"When  milk  is  boiled  there  seems  also  to  be  a  partial  fixation  of  the 
calcium  salts  which  it  ordinarily  contains.  These  are  probably  par- 
tially precipitated  in  the  form  of  tricalcium  phosphate.  This  would 
account  for  the  fact  that  the  coagulation  of  milk  by  reniiin  takes 
])lace  more  slowly  in  boiled  milk  than  in  unboiled  milk.  (See  p.  332.) 
In  this  connection  Wassei'mann  and  Schiitze  (9)  have  pointed  out 
that  cooked  milk  is  not  coagulated  by  lactoserum.  According  to 
P.  T.  Midler  (10)  the  fact  that  cooked  milk  can  not  be  coagulated  by 
lactoserum  is  in  some  way  associated  with  a  diminution  in  the  quan- 
tity of  soluble  calciiun  salts  contained  in  the  milk,  this  diminiition 
having  been  caused  iiy  the  action  of  heat.  On  the  other  hand,  both 
Moro  and  Midler  (10)  have  observed  that  certain  milks  do  not  show 
any  diminution  in  coagulability  by  lactoserum  after  boiling.  Ac- 
cording to  Miiller  (10)  this  is  to  be  attributed  to  the  large  amount 
of  soluble  calcium  salts  i)resent  in  the  nulk  of  certain  particulai- 
lf)ca]ities,  and  in  this  connection  he  has  observed  that  the  coagula- 
bility by  lactoserum  may  be  restored  to  boiled  milk  by  the  addition 
of  soluble  calcium  salts. 

Hammarsten  observed  that  nulk  curdles  when  it  is  heated  to  130° 
l((  !.■")()'  ('.  (seep.  344).  Cazeneuve  and  Haddon  (11)  observed  that 
milk  which  had  been  coagulated  at  130°  C.  became  very  acid.     Ac- 
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cording  to  these  observers  it  then  contained  formic  acid.  They  also 
reached  the  conchision  that  the  discoloration  and  coagulation  of 
milk  by  heat  is  due  to  the  oxidation  of  lactose  in  the  presence  of  the 
alkaline  salts  of  the  milk,  one  product  of  the  oxidation  consisting  of 
formic  acid,  which,  like  other  acids,  precipitates  the  caseinogen. 
The  latter  undergoes  no  further  change  except  that  it  is  discolored 
by  the  products  of  the  decomposition  of  lactose. 

Bruno  Bardach  (12)  has  also  studied  the  coagulation  of  milk  by 
heat.  He  found  that  about  twelve  hours'  heating  at  100°  C.  was 
required  in  order  to  coagulate  perfectly  fresh  milk,  whereas  at  150° 
C.  it  coagulates  in  three  minutes,  and  at  130°  C.  in  one  hour.  He 
found  only  the  merest  traces  of  formic  acid  to  be  formed  at  130°  C. 
He  concludes  from  his  study  of  the  subject  that  the  coagulation  of 
milk  by  heat  is  a  complex  process;  that  it  is  brought  about  by  the 
action  at  the  high  temperature  of  the  small  quantities  of  acid  which 
are  formed  from  the  lactose,  and  which  ordinarily  are  powerless  to 
coagulate  the  original  unchanged  casein  (caseinogen),  and  that  it  is 
only  after  the  casein  (caseinogen)  has  been  changed  by  the  action  of 
heat  that  such  small  amounts  of  acid  can  cause  its  coagulation. 

The  part  played  by  calcium  salts  in  the  acid  coagulation  of  milk 
has  been  studied  by  Loevenhart  (13).  According  to  this  author  the 
ver}^  small  quantities  of  acid  required  to  etfect  the  coagulation  of 
milk  at  temperatures  at  or  below  boiling  accomplish  this  change  by 
rendering  the  calcium  salts  normally  jDresent  in  milk  available  for 
the  coagulation  of  the  caseinogen.  Therefore  the  temperature  at 
which  a  given  specimen  of  slightly  sour  milk  will  coagulate  on  heat- 
ing depends  partly  upon  the  degree  of  acidity  and  also  upon  the 
nature  and  amount  of  the  calcium  salts  present  in  the  milk. 

Von  Soxhlet  (14)  has  also  recently  investigated  the  coagulation 
which  occurs  on  boiling  faintly  acid  milk.  He  observed  that  at  the 
commencement  of  the  souring  of  milk  boiling  causes  a  coagulum 
to  form.  This  occurs  when  only  one-eighth  of  the  amount  of  acid 
necessary  to  produce  (coagulation  at  ordinary  tenijjeratures  is  present. 
It  depends,  according  to  this  author,  on  the  formation  of  an  insoluble 
compound  of  caseinogen  with  soluble  calcium  salts,  the  acid  first 
f)roduced  forming  monocalciuni  phospliatc  from  the  dicalcium  phos- 
phate present  in  the  fresh  milk. 

The  fact  that  milk  occasionally  curdles  in  the  pasteurizing  appa- 
ratus during  ])astcuriy,ation  makes  the  accunudation  of  data  bearing 
on  this  pMiticnlar  phase  of  (lie  subject  a  matter  of  considerable  im- 
])(ir(;in({'.  During  our  rcrcnl  investigations  of  the  Washington  milk 
su|)]ily  we  incidentally  ni;i(lc  ;i  iinniber  of  observations  on  the  coagu- 
lation uli  slightly  sour  milk  a(  or  below  boiling.  The  results  of  these 
observations,  aranged  in  (he  older  of  diuiinisliing  acidity,  are  gi\en 
in  the  following  table: 
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No.  of 
sample. 

Acidity 
(percent). 

Temperature 

(°C.). 

Time  of 
heating 

(minutes). 

Curdled 

=  +:  not 

curdled  =  -. 

1 

0.711 

65 

*0 

+ 

■2 

.594 

65 

1 

+ 

3 

.576 

65 

2 

+ 

4 

.567 

65 

1 

+ 

5 

.654 

60 

2 

+ 

6 

.531 

65-67 

2 

+ 

7 

.513 

65 

2 

+ 

8 

.478 

60 

5 

+ 

9 

.450 

65 

i; 

+ 

]0 

.441 

66 

1 

+ 

U 

.387 

65 

.T 

+ 

12 

.351 

6.5-67 

2 

+ 

la 

.351 

66 

6 

+ 

14 

.361 

65 

.1 

+ 

l.i 

.342 

78.5 

2 

+ 

Hi 

.342 

66 

5 

- 

1" 

.316 

70 

10 

+ 

18 

.315 

70 

5 

_ 

19 

.315 

65 

6 

- 

20 

.306 

75 

3 

+ 

21 

.306 

65 

5 

- 

22 

.288 

70 

6 

_ 

23 

.261 

6.5-74 

5 

- 

24 

.252 

100 

1 

- 

25 

.2.52 

70 

5 

- 

2(; 

.243 

100 

1 

- 

27 

.243 

72-74 

10 

- 

28 

.243 

65 

10 

_ 

29 

.234 

65 

5 

- 

30 

.225 

6.5-67 

2 

+ 

31 

.198 

65 

6 

_ 

32 

.180 

65 

5 

- 

It  will  1)0  soon  from  onr  results  that  of  those  samples  of  milk 
which  coagulated  on  heating,  sample  30  contained  the  smallest 
amount  of  acid  at  the  time  of  coagulation,  viz,  0.'i2r>  per  cent.  This 
sample  curdled  in  two  minutes  at  65°-67°  C.  It  will  be  observed 
that  milks  containing  from  0.306  to  0.315  per  cent  of  acid  curdled 
at  temperatures  varying  fi'om  ()5°-78.5°  C.,  in  from  two  to  ten  min- 
utes, and  that  as  a  general  rule  those  milks  are  most  easily  coagulated 
by  heat  which  have  the  highest  acidity.  On  the  other  hand,  while 
one  of  the  samples  having  an  acidity  of  only  0.22.')  per  cent  curdled 
at  ().5°-()7°  C,  in  two  minutes,  another  sample  containing  0.243  ])er 
cent  of  acid  did  not  curdle  even  on  boiling.  Thrirner  (1.5)  found 
the  acidity  necessary  to  coagulate  milk  on  heating  to  be  0.207  per  cent. 
On  the  other  hand,  Ilideal  (Ki)  found  the  amount  of  acid  required 
to  effect  the  coagulation  to  l)e  somewhat  higher  than  this.  According 
to  him  the  tendency  to  coagulate  is  not  very  marked  even  when  the 
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acidit}'  is  as  high  as  0.^:3  jxt  cent.  Ridcars  ohsorvalioiis  a^Tcc  very 
nearly  with  our  own. 

According  to  Stokes  (3)  milk  which  has  an  acidily  M)nii'wliat  li's> 
than  0.3  per  cent  of  lactic  acid  will  coagulate  on  boiling.  Tie  records 
the  fact,  however,  that  3  samples  of  milk  containing  as  much  as 
0.54  jjer  cent  of  lactic  acid  did  not  coagulate  on  boiling. 

Richmond  (2)  has  been  able  to  confirm  Stokes's  results  almost 
absolutely.  He  found  fresh  milk  to  have  an  acidity  of  20  degrees, 
corresponding  to  0.18  per  cent  lactic  acid.  According  to  him  milk 
curdles  on  boiling  when  it  has  an  acidity  of  33  degrees,  corresponding 
to  0.297  per  cent  of  lactic  acid. 

Eevis  and  Payne  (17)  have  shown  that  at  the  moment  when  the 
caseinogen  is  precipitated  the  calcium  triphosphate  has  been  elim- 
inated, and  that  the  combination  of  caseinogen  with  lactic  acid  has 
reached  a  maximum. 

It  is  evident  therefore  from  our  results  and  those  obtained  by 
other  observers  that  the  coagulation  of  milk  is  dependent  on  several 
factors,  among  which  are:  time,  temperature,  degree  of  acidity, 
quantity  and  nature  of  the  calcium  salts,  etc. ;  and  that  in  order 
to  avoid  accidents  resulting  from  curdling  in  the  pasteurization  of 
milk  the  only  safe  rule  to  follow  is  to  determine  the  effect  of  heat 
on  small  samples  of  the  milk  which  it  is  proposed  to  pasteurize,  or 
better  still,  to  pasteurize  the  milk  as  soon  as  it  is  drawn  from  the  cow. 

Another  important  change  in  milk  effected  by  heat  is  the  destruc- 
tion of  the  bacteria  and  other  micro-organisms  normally  present  in 
fi'esh  milk,  including  of  course  those  pathogenic  forms  which  fre- 
quently gain  access  to  milk  and  cause  the  spread  of  infections  through 
this  medium  or  which  give  rise  directly  to  highly  poisonous  sub- 
stances. For  obvious  reasons  therefore  this  phase  of  the  subject, 
namely,  the  pasteurization  of  milk,  has  received  a  great  deal  of 
attention  during  recent  years  at  the  hands  of  dairymen  and  sanita- 
rians. It  is  foreign  to  the  immediate  scope  of  tJiis  communication, 
however,  to  enter  upon  a  discussion  of  this  subject.  Suffice  it  to 
say  in  this  connection  that  pasteurization  either  checks  or  hinders 
those  changes  which  occur  in  milk  as  the  result  of  the  life  and  growth 
therein  of  micro-organisms,  and  affords  more  or  less  adequate  pro- 
tection against  the  spread  of  microbic  diseases  through  the  medium 
of  milk.  According  to  Pasteur  (18)  milk  can  be  sterilized  by  heating 
it  to  about  110°  C.  and  Duclaux  kept  milk  five  years  by  heating  it  to 
ISO''  C.  and  preserving  it  in  vessels  which  had  been  exhausted  of  air. 

Effect  OK  IIkaion   Mii.k   I'Inz^mics. 

Another  less  obvious  change  in  milk  whicli  is  hiought  about  by 
tJie  action  of  heat  is  the  destruction  of  the  enzymes  noi'uially  present 
in    IVesh   mill;.      Lilvc  all  (•ii/.\ines  lliosc  cDiitiniKMl    in    I'rcsh   milk  are 


destroyed  by  boiling  or  by  beating  the  milk  alxive  certain  tempera- 
tures. On  account  of  the  important  bearing  which  the  thermal  death 
point  of  milk  ferments  may  have  on  the  pasteurization  of  milk  the 
following  data  relative  to  this  subject  ai-e  here  submitted: 

Galuctase. — According  to  Babcock  and  Russell  (19),  the  destruc- 
tion temperature  of  galactase,  the  proteolytic  enzyme  of  milk,  is 
somewhat  higher  than  the  thermal  death  point  of  tryjDsin.  So  far 
as  its  proteolytic  activity  is  concerned,  these  observers  found  it 
to  be  weakened  by  heating  for  ten  minutes  at  76°-80°  C.  That 
such  is  the  case  may  be  seen  from  the  following  table,  in  which  is 
shown  the  percentage  of  soluble  nitrogen  present  at  the  end  of  fifty- 
three  days  in  milks  which  had  been  heated  for  ten  minutes  at  the 
temjDerature  indicated. 


Temperature     to 
which  the  ga- 
lactase was 
heatort    for    10 
minutes  before 
being   allowed 
lo  act   on  the 
milk. 

Per  cent  of 
soluble  nitro- 
gen after 
53  davs  at 
37°  C.a 

7.S— 80°  C. 
76 
71 
65 
60 

0.05 
.05 
.V> 
.20 
.20 

"  The  soluble  nitrogen  originally  present  in  the  milk  used  in  these  e.Kperimenls  was  found 
to  be  0.05  per  cent. 

Similar  tests  were  made  upon  the  proteolytic  activity  of  galactase- 
towards  gelatin,  using  Fermi's  (20)  method.     Equal  amounts  of  the 
galactase  solution  were  jooured  over  the  surface  of  carbolized  gelatin 
contained   in   test  tubes  and   kept  under  observation   seven   weeks. 
The  results  of  this  series  of  experiments  is  given  in  Table  II. 

TABLE  II. 
L+  +  =rapid  digestion;    +  =digestion  by  galactase;   —  =no  digestion.] 

Reaction  of  the  galactose  folu- 


Temperature  (°C.). 


Alkaline. 
; j  Neutral. 
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Hence  so  far  as  its  power  to  digest  gelatin  is  concerned  tlie  activity 
of  galactase  is  destroyed  in  alkaline  solution  by  ten  minutes'  expo 
sure  to  temperatures  of  G5°  C.  in  neutral  solutions  at  70°  C.  and  in 
acid  solutions  at  a  temperature  of  65°  C. 

Babcock  and  Russell  (19)  have  also  employed  the  power  on  the 
loart  of  galactase  to  accelerate  oxidations  by  hydrogen  peroxide  as  a 
test  for  the  presence  of  the  ferment,  and  have  made  use  of  this  test 
as  a  means  of  determining  the  destructicm  temperature  of  galactase. 
This  we  now  know  is  merely  a  test  and  measure  of  the  peroxidase 
activity  of  the  solution  and  not  a  test  or  measure  of  the  activity 
of  galactase  at  all.  Indeed,  as  has  been  shown  subsequently  to  th(> 
work  of  Babcock  and  Russell  on  this  subject,  galactase  as  prepared 
from  separator  slime  is  not  a  pure  enzyme,  but  a  mixture  of  enzymes. 
Thus  Wender  (21)  points  out  that  the  galactase  of  Babcock  and 
Rus.sell  consists  of  milk  trypsin  or  galactase  proper,  milk  catalaso, 
and  milk  peroxidase.  According  to  Wender,  the  trypsin  of  milk 
becomes  inactive  at  76°  C. 

The  use  of  V.  Storch's  tests  (see  p.  333),  viz.  with  an  iodide  and 
starch  or  2D-phen}dene-diamine  and  a  few  drops  of  hj'drogen  jDeroxide 
as  a  means  of  determining  the  effect  of  high  temperature  on  the 
activity  of  galactase,  as  employed  by  Babcock  and  Russell,  is  there- 
fore chiefly  interesting  as  throwing  light  on  the  stability  of  milk 
peroxidase  under  the  conditions  employed  in  their  work.  Their 
I'esults  are  given  in  Table  III. 


I  +  =color  reaction  ; 


T.VBLK   III. 
=doubtfuI  reaccion  ;   —  = 


color  reaction.] 


Alkaline. 

Temperature  (°C.). 

Time. 

10 

Neutral 
to  litmus. 

Acid 

N/IQ. 

N/25. 

N/10. 

+ 

+ 

+ 

+ 

65                            .                                 

i         30 
GO 

+ 
+ 

+ 
+ 

+ 
+ 

X 

10 

+ 

+ 

+ 

+ 

70 

j        30 

+ 

+ 

+' 

fiO 

+ 

+ 

+ 

10 

+ 

+ 

+ 

X 

-r 

1        30 
60 

+ 
+ 

+ 
+ 

+ 

+ 

_ 

- 

f        '" 

+ 

+ 

+ 

- 

80 

i         30 

+ 

+ 

X 

— 

I       60 

X 

- 

Babcock  and  Ru.ssell   (10)   conclude  therefore  from  their  experi 
meiits  that  galactase  is  more  stable  in  alkaline  or  neutral  solution,  and 
that  it  shows  a  close  resemblance  to  trypsin,  but  is  less  sensitive  to 
acids  than  the  latter  ferment.    The  heat  boundary  of  its  activity  is 
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influenced  by  the  chemical  reaction  of  the  sohition  in  which  it  is 
present,  beijig  lower  in  acid  than  in  neutral  or  alkaline  solution. 
When  galactase  that  has  been  heated  to  70°  C.  for  ten  minutes  is 
added  to  milk,  the  digestion  is  slowed,  and  heating  to  76°  C.  for  ten 
minutes  entirely  destroys  its  digestive  powers.  In  the  Fermi  (19) 
gelatin  tests  no  digestion  took  place  with  specimens  of  the  ferment 
that  had  been  heated  to  (55°  C.,  whereas  with  tlie  unheated  controls, 
the  gelatin  liquefied. 

Von  Freudenreich  ('2'2)  has  confirmed  the  observations  of  Babcock 
and  Russell  on  galactase.  According  to  this  observer  a  temperature 
of  75°  C.  for  half  an  hour  causes  a  falling  otf  in  the  proteolytic 
activity  of  this  enzyme.  On  the  other  hand,  he  found  an  exposure 
to  <50°  C.  for  half  an  hour  to  scarcely  weaken  it  to  a  noticeable  degree. 
According  to  Hij^pius  (23)  the  proteolytic  ferments  of  milk  can 
withstand  an  exposure  to  60°  C.  for  one  hour  and  an  exposure  to 
65°  C.  for  half  an  hour. 

Milk  amylase,  according  to  this  author,  can  withstand  a  tempera- 
ture of  60°  for  one  hour,  but  is  destroyed  by  heating  above  75°  C. 

Milk  lipd.se. — Gillet  (24)  has  found  that  milk  lipase  is  destroyed 
at  65°  C.  According  to  Hijipius  (23)  the  lipase  of  woman's  milk  can 
withstand  a  temperature  of  60°  for  one  hour  and  a  short  exposure  to 
62°,  but  is  weakened  at  63°  C,  and  is  destroyed  at  64°  C. 

The  salol-splitting  ferment  (Nobecourt  and  Merklen)  is,  according 
to  IIi])pius  (2;>),  destroyed  above  65°  C.  However,  the  existence  of 
this  ferment  is  doubtful.     (See  p.  344.) 

Iloiigardy  (25)  has  found  that  the  activity  of  lactokinase  is  greatly 
enfeebled  by  lieating  for  twenty  minutes  at  75°  C.  and  ]n-actically 
destroyed  l)y  heating  for  half  an  hour  at  this  temperature. 

71u'  oxidizing  ferments  of  milk. — While  our  knowledge  of  the  solu- 
Itle  ferments  is  of  too  recent  date  for  an  exact  understanding  of  their 
significance  and  ])owers  of  resistance,  the  well-known  reactions  of 
the  oxidases  have  furnished  us  with  a  usefid  criterion  for  distin- 
guishing between  raw   (living)  and  heated  milk  (Zelinski  2(i)- 

According  to  Marfan  (see  Zelinski  (26))  the  oxi(Uises  of  milk  are 
destroyed  at  79°  C.  According  to  Hippius  (23)  they  can  withstand 
a  temperature  of  60°  C.  to  65°  C\,  but  are  destroyed  by  a  short 
exposure  to  76°  C. 

PeroxidmeK. — According  to  Wenck'i-  (21)  tlic  peroxidase  ol"  milk 
becomes  inactive  at  83°  C.  According  to  Schardinger  (27).  using 
methylene  blue  as  a  reagent,  the  critical  temperature  of  the  milk 
peroxidases  is  80°  C  AVitii  Ai-nold's  guaiacum  reagent  milks  Iieated 
to  80°,  according  to  Ostertag,  failed  to  show  the  reaction  ( s(>e  (Jlage 
(2H)).  Franz  ITtz  (29),  using  Schatt'er's  (30)  reagent,  foun.l  that 
milk  heated  for  a  short  time  at  90°  C.  or  a  long  time  at  70°  C.  failed 
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to  show  any  reaction.  Rullmann  (;il)  gives  the  foHowing  (hita  bear- 
ing on  the  stability  of  the  peroxidases  of  milk,  as  shown  by  Storch's 
p-phenylene-diamine  reagent : 

1.  Raw  milk,  not  heated.  1 

„    Kf,.    ,      i   1  1  no"  ^r>o   />    iDeep  greenish  blue  at  ouce. 

2.  Milk  heated  one  hour,  68  -69     (  .  J         '   " 

S.  Milk  heated  one-half  hour,  72°  ('. 

4.  Milk  heated  one-half  hour.  9(1°  (".  ixo  coloration  after  ten  minutes. 

5.  Milk  boiled  one-half  hour.  | 

V.  Storch  (32),  enij)loying  his  own  reagent,  fonnd  that  e.xposnre  of 
the  milk  to  a  temperature  of  75°  C.  for  two  minutes  prevented  the 
reaction.  Freeman  (33),  working  with  Storch 's  reagent,  found  a 
temperature  of  78°  C.  to  destroy  the  peroxidase  of  milk.  Du  Roi  and 
Kohler  (34)  have  employed  hydrogen  peroxide  and  the  potassium- 
iodide-starch  reagent  and  have  found  80°  C.  to  be  the  limit  of  the 
reaction.  Weber  (3.5)  recommends  Arnold's  (3())  reagent  (guaiacum 
in  acetone),  and  finds  the  temperature  limit  of  the  reaction  to  be 
about  80°  C.  Franz  Utz  (37),  using  a  solution  of  ursol  D,  finds  that 
milks  which  have  been  heated  to  80°  or  above  fail  to  give  the  peroxi- 
dase reaction.  According  to  TJullmann  (38)  practically  all  bacteria 
are  destroyed  in  cow's  milk  by  heating  it  for  one  hour  to  68°-69°  C. ; 
whereas,  using  p-phenylene-diamine  hydrochloride,  which  he  found 
to  be  the  most  delicate  reagent  for  the  peroxidase,  he  found  that  the 
latter  was  not  destroyed  unless  the  temperature  exceeded  70°  C. 
According  to  Van  Itallie  (39)  the  peroxidases  of  milk  are  not  de- 
stroyed below  80°  C,  and  milk  sold  as  pasteurized  milk  gave  the  test 
with  paraphenylene  diamine  and  hydrogen  peroxide."  Bniere  (40) 
observed  that  milk  which  had  been  pasteurized  at  80°  C,  or  boiled, 
failed  to  show  the  peroxidase  reaction  with  the  guaiacol  reagent. 
Dupouy  (41),  using  freshly  prepared  iDaraphenylene-diamine  and 
hydrogen  peroxide,  found  that  unheated  milks  gave  a  blue  color, 
whereas  those  heated  above  79°  C.  gave  no  color  with  this  reagent. 

Douglas  (42),  using  ortol  as  a  reagent,  found  that  heating  for  five 
minutes  at  75°  C,  or  one  minute  at  80°  C,  destroys  the  peroxidase 
of  milk.  Marfan  and  (Tillet  (43),  using  guaiacol  as  a  reagent  for  the 
peroxidases  in  milk,  found  the  ferments  still  active  at  70°  C.  They 
were  weakened  at  75°  C.,  however,  and  were  destroyed  at  78°  C.  to 
79°  C.  Macadie  (44)  found  that  nearly  all  pholograjihic  developers, 
together  with  small  amounts  of  hydrogen  peroxide,  give  characteristic 
color  i-eactions  with  milk  which  has  not  been  heated  above  75°  C. 
AVilkinson  and  Peters  (45),  using  benzidine  aiul  liydrogen  peroxide, 
failed  to  obtain  the  peroxidase  reaclion  willi  milks  which  had  been 
heated  to  78°  C.  or  higher. 


"Wo  have  also  found  pasUnirlzed  milk  to  show  Ihe  peroxidiise  renclion.  with 
nuiiiiicum,  p-phenj'leno-diamhie  and  also  with  phenolphllmllu. 
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Using  an  acetone  solution  of  guaiacinn  (purified  according  to 
Portier  (46)  and  dilute  hydrogen  peroxide)  we  made  the  following 
ciliservations  on  the  resistance  of  the  milk  peroxidases  to  heat: 


Temperature 
(°C.). 

Time  of  exposure. 

Color  with  reagent. 

70     

70  

Do. 

72 

70 

70 

10  minutes 

Do. 

Darii  blue;  slow  in  developing. 

60 

Do. 

60 

Dark  blue;  somewhat  slow  in  developing. 

It  is  evident,  therefore,  that  while  short  exposures  of  milk  to  a 
temperature  of  G0°  C.  are  apijarently  without  effect  on  the  activity 
of  the  peroxida.ses,  an  hour's  exposure  to  this  temperature  renders 
them  somewhat  less  active  than  in  unheated  milk,  and  an  exposure 
of  one  hour  to  a  temperature  of  70°  C.  destroys  them. 

It  was  also  observed  that  milk  just  brought  to  75°  C.  and  80°  C.  no 
longer  gives  the  blue  color  with  the  guaiacum  reagent.  An  examina- 
tion of  curdled  milk  with  this  reagent  revealed  the  presence  of  the 
peroxidase  chiefly  in  the  whey  and  aj^parently  in  unaltered  condition 
so  far  as  activity  is  concerned. 

[Since  the  foregoing  was  written  the  whole  subject  of  the  peroxi- 
dase reaction  of  milk  has  been  thoroughly  investigated  by  Kastle 
and  Porch  (47).  These  observers  succeeded  in  showing,  first,  that 
the  power  of  milk  to  induce  the  oxidation  of  phenolphthalin  and 
other  leuco-comi)ounds  by  hydrogen  jieroxide  is  greatly  intensified 
by  certain  substances  of  the  phenol  type;  and  that  by  the  use  of  these 
peroxidase-accelerators,  phenolphthalin,  guaiacum,  and  parapheny- 
lene-diamine  can  all  be  used  to  advantage  and  with  certainty  as  per- 
oxidase reagents  for  milk;  second,  that  the  fresh  milks  of  diffei'ent 
cows  of  the  same  herd  exhibit  considerabh'  dill'erences  in  peroxidase 
activity;  third,  that  by  means  of  the  peroxida.se  reaction  thus  modi- 
fied it  is  possible  to  distinguish  between  raw  and  cooked  milk  or 
b(^tween  raw  milk  and  that  which  has  been  sterilized  at  a  temperature 
of  70°  C.  or  higher  for  short  intervals,  and  tliat  while  milks  which 
have  been  heated  to  70°  C.  for  one  hour,  or  lo  75°  C.  for  twenty 
minutes,  no  longer  show  the  peroxidase  reaction,  this  reaction  is  not 
iliminished  in  intensity,  but,  if  anything,  somewhat  increased,  by 
heating  the  milk  to  (')0°  C.  for  twenty  minutes.  It  is  evident,  there- 
fore, that  the  jjasteurization  of  milk  at  <')0°  C.  for  twenty  nunutes, 
as  recommended  by  Rosenau,  does  not  destroy  tlie  biological  proper- 
ties of  milk,  at  least  so  far  as  we  are  able  to  judge  from  the  per- 
oxidase reaction.] 

1414— Riill.  .'■)()— 0!) 22 
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Catalasc. — Less  is  known  concerning  milk  ciitalase  tlian  is  known 
of  the  peroxidases.  It  vvonld  seem,  however,  that  it  is  j^erhaps  more 
sensitive  to  heat  than  the  peroxidases.  Van  Itallie  (48)  has  shown 
that  cow's  milk  is  unable  to  decompose  hydrogen  peroxide  after  an 
exiwsiire  of  one-half  hour  to  C3°  C.  On  the  other  hand,  human  milk 
still  retains  this  power  after  a  similar  exposure.  According  tf)  Jolles 
(49),  heating  to  75°  C.  destroys  the  catalases  of  woman's  milk  com- 
jDletely.  Wender  (21)  observed  that  catalase  prepared  from  separa- 
tor slime  (see  galactase)  becomes  inactive  at  .80°  C. 

Other'  biological  jwoperties. — According  to  Hippius  (23)  the  bac- 
tericidal power  of  milk  is  retained  even  after  long  heating  at  60°-65° 
C.,  but  is  weakened  by  a  short  exposure  to  8.5°  C,  whereas  according 
to  Behring  (50)  this  property  of  milk  is  lost  after  an  hour's  heating 
to  60°  C. 

The  alexins  of  milk,  according  to  Behring,  are  affected  by  heat  in 
exactly  the  same  way  and  to  the  same  extent  as  the  antibacterial  sub- 
stances. Lane-Claypon  (51)  has  shown  that  on  adding  blood 
corpuscles  to  milk  the  cream  picks  them  up  and  carries  them  to  the 
top,  and  that  this  property  of  milk  is  destroyed  bj-  heating  it  to  70° 
C.  for  a  few  minutes.  It  is  evident,  therefore,  from  these  considera- 
tions, that  the  thermal  death  point  of  the  milk  ferments  is  dependent 
on  a  number  of  conditions  besides  the  temperature  itself.  Chief 
among  these  are  time  and  the  reaction  of  the  medium.  As  a  rule, 
the  soluble  ferments  can  withstand  somewhat  higher  temperatures  in 
neutral  or  slightly  alkaline  solution  than  in  acid  solution.  Acidity 
and  temperature  naturally  augment  the  destructive  powers  of  each 
other  toward  the  enzymes.  This  accounts  for  the  apparent  dis- 
crepancies existing  among  such  observations.  In  general,  it  may  be 
said,  however,  that  the  milk  ferments,  most  of  them  at  least,  can 
withstand  a  temperature  ranging  from  60°-65°  C.  for  some  time, 
without  material  injury.  Between  65°  C.  and  70°  C.  most  of  them 
are  weakened  in  their  activities,  and  between  70°  C.  and  80°  C.  all 
of  them  are  destroyed,  even  after  relatively  short  exposures. 

According  to  Raudnitz  (52)  all  the  ferments  of  milk  are  destroyed 
between  75°  C.  and  90°  C.  (See  also  Tjaden,  Koske,  and  Hertel  (53), 
and  also  E.  Weber  (54),  for  further  information  bearing  on  this 
point.) 

Tlte  dif/cstihilit!/  of  raw  and  heated  milk. — In  this  connection  the 
effect  of  heat  on  the  digestibility  of  milk  proteids  has  been  the  sub- 
ject of  considerable  investigation.  According  to  Kerr  (55)  milk  is  to 
be  looked  upon  as  consisting  of  living  cells  suspended  in  serum,  the 
former  consisting  of  fat  cells  and  nucleated  cells  of  the  nature  of 
whiti^  l)]no(i  corjiuscles.  (As  a  nuitter  of  fact  it  has  been  definitely 
l)roven  that  leucocytes  do  actually  occur  in  milk — see  p.  4!)1.)  Ac- 
cording lo  Ken-,  when  milk  is  iugeslcd.  (liesc  living  clcuuMits  are  at 
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once  absorbetl  without  any  preliminary  digestion,  and  are  utilized 
directly  in  the  building  up  of  the  tissues.  The  effect  of  boiling  there- 
fore is  obviously  to  kill  all  of  the  living  cells  of  the  milk,  and  to  coagu- 
late certain  of  the  albuminoid  constituents.  The  result  of  the  boiling 
therefore  is  that  all  of  the  constituents  of  the  milk  must  be  digested 
before  they  can  be  absorbed  into  the  system.  Hence  there  is  a  dis- 
tinct loss  of  utility  in  the  milk. as  the  result  of  boiling.  He  goes  on 
to  say  further  that  it  has  been  observed  by  many  medical  practi- 
tioners that  there  is  a  vei'y  distinctly  lowered  vitality  among  infants 
which  are  fed  on  boiled  milk,  the  process  of  absorption  being  delayed 
and  the  quantity  of  milk  required  for  the  nourishment  of  the  child 
being  greater  than  when  fresh  milk  is  used. 

While  this  is  doubtless  an  extreme  view  to  take  of  the  matter,  thei'e 
are  quite  a  number  of  observers  who  believe  that  the  proteids  of  milk 
are  considerably  altered  by  boiling.  Thus  according  to  Hallibur- 
ton (5(5)  the  milk  proteids  are  rendered  somewhat  more  difficult  of 
digestion  as  the  result  of  heating.  Rubner  (57)  has  observed  that 
even  a  short  heating  at  100°  C.  coagulates  the  lactalbumin,  an  obser- 
vation which  has  been  confirmed  by  Middleton  (58).  De  Jager  (59) 
has  also  arrived  at  the  conclusion  that  the  digestibility  of  milk  dimin- 
ishes with  cooking,  and  also  that  caseinogen  is  more  readily  digestible 
than  casein  and  that  infants  stand  raw  milk  better  than  cooked. 

In  this  connection  it  has  been  observed  by  Lorcher  (60)  that 
cooked  milk  coagulates  with  rennin  more  slowly  than  uncooked  milk. 
This  effect  is  noted  even  at  temperatures  of  S0°-90°  C.  This  is 
shown  by  the  following: 

Ten  cubic  centimeters  of  milk  was  heated  to  the  following  tem- 
peratures for  five  minutes,  then, cooled  to  35°  G.,  and  0.5  cubic  centi- 
meter of  rennin  solution  added,  and  the  time  required  for  coagulation 
noted.    The  following  results  were  ol)tained : 


Temperature  (°C.). 

Time  re- 
quired for 
coagulation 
(minutes). 

Temperature  (°0.). 

Time  re- 
quired for 
coagulation 
(minutes). 

60 

it 

80 

CO 

90 

70 

100 

The  probable  explanation  of  the  retardation  of  the  rennin  coagula- 
(ion  residting  from  the  heating  of  milk  is  that  the  calcium  salts  are 
partly  rendered  insoluble,  probably  through  conversion  into  ti'ical- 
cium  phosphate,  so  that  even  the  minei-al  constituents  (if  milk  seem 
to  be  somewhat  aitei-cd  by  boiling. 

On  (lie  oilier  li:iiiil  (lici-e  arc  those,  among  them  Forbes-Hoss  ((il), 
wild  .•oii(cii(l  (hilt  hciil  cxci'ls  no  (lele(erious  effect  on  (Ii(>  digestibility 
of  milk,  aiiil   tliiil  the  feeding  of  infants  with  lioiled  milk   is  not    in 
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any  way  responsible  for  scurvy  or  rickets,  but  in  reality  is  a  wise 
precaution  against  infantile  diarrhea  and  other  bacterial  diseases. 
Similarly  Tjaden,  Koske,  and  Hertel  (53)  claim  that  by  rapidly 
heating  the  milk  to  00°  C,  with  constant  shaking,  the  chemical  and 
physical  properties  of  the  milk  are  in  no  wise  altered  nor  is  the  value 
of  the  milk  as  a  food  in  any  way  impaired. 

These  fundamental  difi'erences  of  oj^inion  regarding  the  ettect  of 
heat  on  the  digestibility  of  milk  can  therefore  only  be  settled  by 
further  investigations  along  this  line. 

By  way  of  comparison  there  are  given  in  the  subjoined  table  cer- 
tain data  pertaining  to  the  destruction  by  heat  of  enzymes  in  general. 

This  table  has  been  compiled  from  observations  recorded  by  Green 
(62),  Oppenheimer  (63),  and  others. 


Name  of  ferment. 

Temperature  at  which 
destroyed  (°C.). 

Name  of  ferment. 

Temperature  at  which 
destroyed  {°C.). 

r 

Wealiened  at  70. 
80,  weakened  at  70. 
60. 
75. 
80. 

65-70,  slowly  at  58. 
70. 

65  (slowly). 

70,  very  slowly  at  45-50. 
60-63. 

72(Hanriot),    65-70 
( KasHeiSt  Loe  venhart ) . 

65. 

81-85. 

72. 

82.5. 

SS-W. 

Diastase  (saliva) 

acid. 

64. 

75-80. 

70  (Schmidt). 

^ 

55. 

75-80. 

P.  T.  Miiller  (64)  gives  the  following  data  bearing  on  the  subject  of 
the  resistance  of  the  several  ferments  to  heat:  Hemodiastase  (Hahn) 
is  not  de.stroyed  at  55°  C.  It  is  weakened  by  heating  to  66°  C.  for 
half  an  hour  and  at  65°-70°  C.  is  destroyed.  Parachymosin  (Bang) 
withstands  a  temperature  of  75°  C.  for  some  time.  Papain  is  weak- 
ened at  75°  C.  and  destroyed  at  82.5°  C.  The  oxidizing  ferments 
(Abelous  and  Biarnes)  increase  in  activity  from  0°  C.  to  (50°  C.  At 
80°  C.  they  are  still  active  and  are  first  destroyed  at  100°  C.  Lacto- 
s(>i'um  (P.  T.  Miiller)  is  rendered  inactive  by  heating  foi'  half  an 
hour,  at  70°-75°  C.  So  far  then  as  the  influence  of  temperature  on 
their  activity  is  concerned  it  is  evident  that  the  milk  enzymes  are 
much  like  enzymes  from  other  sources.  Indeed  they  are  all  very 
nuich  alike  and  all  of  this  great  group  of  substances  stand  in  such 
intimate  and  close  relation  to  the  vital  activities  of  the  cell  that  all 
of  those  conditions  and  influences  whicli  tend  to  destroy  the  one  tend 
also  to  destroy  the  dliei-.  (See  iil-o  Kastle  (65)  "On  the  V'ital 
Activity  of  the  Enzymes.'")  .Ml  of  tlie  l)ae(eria  of  milk  cair  not  be 
destroyed  therefore  withoul  a(  least  (liminisiiing  the  activity  of  the 
milk  enzymes  or  perhai)s  desti-oying  (hem  altogether  and  the  enzymes 
can  not  be  destroyed  without  rendering  the  milk  sterile. 
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Similar  conclusions  have  been  reached  by  Marfan  (G6).  According 
to  this  author  the  enzymes  in  general  can  not  withstand  a  tempera- 
ture higher  than  70°  C,  so  that  by  heating  milk  to  deprive  it  of  its 
bacteria,  we  also  deprive  it  of  those  ferments  which  probably  exer- 
cise a  favorable  influence  on  nutrition.  He  is  of  the  opinion,  how- 
ever, that  this  is  not  sufficient  ground  for  doing  away  with  the  prac- 
tice of  sterilizing  milk  by  heat.  In  this  connection  Rosenau  has 
recently  made  the  important  observation  that  the  pathogenic 
bacteria  commonly  found  in  milk  are  either  killed  or  rendered  inert 
by  exposure  to  (10°  C.  for  twenty  minutes,  see  Hyg.  Lab.  Bull.  No.  42. 

Bokorny  (07)  has  also  pointed  out  that  between  protoplasm  and 
the  enzymes  there  are  certain  striking  similarities.  Toward  temjDer- 
ature,  he  says,  it  has  long  been  known  that  the  enzymes  conduct 
themselves  like  pi'otojjlasm.  His  table,  setting  forth  these  analo- 
gies so  far  as  the  influence  of  temperature  and  light  are  concerned, 
is  given  in  the  following: 


Name  of  protoplasm  or  enzyme. 


Action  of  temperature,  light,  etc. 


I'rntoplasmof  bacteria  and  funtii. 


Lower  plaiitH  ami  animals 


Zy-mase  (yeiust) 

Maltase  orglucase 

Invertase  (from  yeast) 

Dia.st«su  (of  irialt) 

Kmulsin 

Myrosin 

Pepsin  (from  Iheslomach) 

Tryp.siii  (from  pancrea.s).. 

I'apain  (vegetable  trypsin) 

Kennin .  r. . . . '. 

Catalase  (Loew) 

Laceose  (Bertrand) 


Nageli  found  the  spores  of  bacillus  subtilis  could  be  heated  11 

hours  in  boiling  water  without  showing  the  slightest  damage. 

In  the  vegetative  state  this  organL-im  is  largely  destroyed  Dy 

heating  to  55°-60°C. 
Light  tends  to  destroy  many  bacteria. 
Direct  sunlight  destroys  by  long  exposure. 
A  temperature  of  25°-30°  C.  best  for  the  development  of  yeast. 
Young  vegetative  yeast-cells  are  killed  at  60°-60°  C,  spores  at 

(iO°-65°  C.    In  the  dry  state  yeast  withstands  126°  C. 
Spirogyra  killed  in  water  at  45°-50°.<'     Many  algae  live  in  the 

('arlsbad  thermal  springs,  temperature  53°  C.    Some  forms  of 

alga'  have  been  found  in  thermal  springs  having  a  temperature 

of  85°  C. 

fresh-water  amo-bas  at 

Strong  light  is  harmful. 

Optimum  temperature, '25°C.;  loses  activity  at  0°  C.  and  is  de- 
stroyed at  .53°  C. 

Yea.st  maltase  destroyed  at  55°  C.   Maize  maltase  acts  best  at  35°  C. 

Quickly  destroyed  when  moist  at  70°C.and  at  50°C.  when  heated  a 

a  long  time.    Optimum  temperature,  31°  C;  according  to  Kjel- 

dahl,  52°-56°  C. 
Moist  heat  kills  at  75°  C,  after  short  exposure.    Dry  diastase  stands 

100°  C.  and  over.    Optimum  temperature,  .50°--66°  C. 
Sunlight  kills  it. 


In  dry 


Inactive  at  0°  C;  thermal  death-point,  85°  C. 

In  0.2  per  cent  hydrochloric  acid,  optimum  temperature,  :i.5°— 10** 

('.    Dcath-tempeniture.  66°-(>0°  C.     Dry,  stands  160°  C.  for  a 

short  time. 


Optimum  temperature,  ■10<^  C;  death-temperature,  tJ9°-70°  C. 
dry  state  can  be  heated  to  l(iO°  C.  without  harm. 


In 


Killedat7.5°C.    Dry, stands  100° C. 
Higher  than  70°  ('.  kills  quickly. 


Optimum  temperature, 40°  C. 
Optimum  temperature, 40°  0. 
Dcuth-tcmperaturc,  72°-7J>°  C. 

Optimum  temperature,  20°  0.    Destroyed  at  B0°-(>.3°  ( '.  ( Yoshida). 
Destroyed  at  70°  .C.  (Bertrand). 


■The  watcr-plont  Ilottonla  Hhows  n  maxlnuim  iisslmllntlon  of  carbon  dioxide  at  III" 
ThiH  IH  only  oni>  fourth  as  Htront;  at  .10°  f  ,  nml  al  TiO"  ('.  II  censes  allogether. 
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Part  II. —  (2)   Changes  in  the  Composition  of  Milk  Produced  by  the  Milk 
Enzvmes. 

According  to  Marfan  (1),  milk  is  not  an  inactive  fiuid,  but  pos- 
sesses properties  which  are  more  or  less  characteristic  of  living  tissues. 
For  example,  it  gives  Bordet's  reaction,  namely,  that  when  the  milk  of 
one  species  of  animal  is  repeatedly  injected  into  the  Ijlood  of  an 
animal  of  diiferent  species  the  blood  serum  of  the  animal  so  treated 
gradually  acquires  the  power  of  coagulating  milk  in  much  the  same 
way  as  rennin.  (See  P.  T.  Midler  (2)  "  Yergleichende  Studien  Ueber 
die  Gerinnung  des  Kaseins  Durch  Lab  nnd  Lactoserum.")  Human 
milk  is  said  by  Moro  (3)  to  have  the  power  of  coagulating  hydrocele 
fluid,  whereas  cow's  milk  does  not  give  this  reaction. 

As  already  indicated  on  page  313,  milk  contains  a  number  of  soluble 
ferments,  such  as  diastase  (amylase),  galactase,  lipase,  lactokinase, 
peroxidase,  reductase,  and  catalase. 

In  the  present  state  of  our  knowledge  we  know  very  little  of  the 
actual  functions  of  the  milk  ferments.  According  to  Marfan  (1),  it 
is  probable  that  the  milk  ferments  act  as  stimulants  and  regulators 
of  nutrition  and  that  they  are  identical  in  function  with  the  enzymes 
elaborated  by  the  various  tissues  and  are  intended  to  compensate 
for  the  deficiency  of  the  internal  secretions  of  the  new-born.  Accord- 
ing to  this  author  the  presence  of  specific  ferments  in  the  milk  of 
a  particular  animal  species  probably  explains  the  value  of  natural 
over  artificial  milk  feeding. 

Engel  (4),  in  discussing  Moro's  work  on  the  influence  of  the  milk 
ferments  on  nutrition,  arrives  at  the  conclusion  that  while  these 
ferments  are  apparently  characteristic  for  the  milk  of  any  partic- 
ular animal  species,  we  can  not  yet  come  to  any  deflnite  conclu- 
sions respecting  their  influence  on  animal  nutrition.  He  calls  atten- 
tion to  the  fact  that  Moro's  curves  showing  the  increase  in  weight  of 
two  sucklings  both  fed  by  the  bottle,  one  on  fresh  and  the  other  on 
boiled  human  milk,  .showed  but  little  differences.  Both  carves 
showed  that  both  children  thrived  less  well  during  the  second  period. 
Concerning  the  function  of  the  milk  ferments  see  also  Moro  (5). 

On  tiie  other  hand  certain  of  these  ferments  bring  about  changes 
ill  (lie  coniposition  of  milk  which  require  some  consideiation  in  this 
connection.  The  following  are  the  princij)al  facts  of  interest  con- 
cerning the  soluble  ferments  found  in  milk  and  the  changes  Avhich 
they  efl'ect  in  the  composition  thereof,  except  for  what  has  been  given 
already  on  this  subject. 

Diastase  (amylase)  of  milk. — In  1883  Bechamp  (G)  isolated  from 
human  milk  an  enzyme  which  licjuefies  starch  and  converts  it  into 
sugar  as  readily  as  diastase.  According  to  this  author  this  ferment 
was  obtained  from  successive  iDortions  of  milk  as  soon  as  drawn  from 
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the  teat,  and  hence  is  a  jjroduct  of  the  milk  gland  itself,  and  not 
formed  by  the  action  of  milk  stagnated  in  the  gland.  Attempts 
to  isolate  this  ferment  from  cow's  milk  by  Moro  (5)  and  by  Van 
der  Velde  and  Landtsheer  (7)  have  not  proven  successful.  That  a 
diastatic  ferment  does  not  occur  in  cow's  milk  has  also  been  con- 
firmed by  Kastle.  At  present  nothing  definite  is  known  regarding 
the  function  of  this  enzyme  in  human  milk,  and  so  far  as  we  know 
it  is  not  responsible  for  any  alteration  in  the  composition  of  any  con- 
stituent of  the  milk  itself. 

GaJactase. — This  ^proteolytic  ferment  was  first  recognized  by  Bab- 
cock  and  liussell  (8)  in  1897,  and  has  been  found  by  these  observers 
in  the  milk  of  the  cow,  woman,  sheep,  goat,  jsig,  horse,  and  half- 
Ijreed  buffalo.  By  the  methods  ordinarily  employed  in  the  prepara- 
tion of  enzymes,  these  authors  succeeded  in  preparing  from  the  fresh 
centrifuge  slime  of  milk  that  had  been  kept  continuously  in  contact 
with  chemical  antiseptics  aqueous  e.\tracts  possessing  proteolytic 
properties  to  a  marked  degree.  These  extracts  were  also  observed 
to  have  the  power  of  curdling  fresh  milk,  similarly  to  rennin,  and 
also  of  rapidly  decomposing  hydrogen  pero.xide.  Galactase  has  been 
found  to  be  similar  to  trypsin  in  its  action  on  proteids,  converting 
them  into  proteoses  and  peptones  and  finally  into  amino-acids.  Like 
trypsin  it  has  been  found  to  be  most  active  in  solutions  that  are 
slightly  alkaline  to  litmus,  and  like  all  ferments  it  is  easily  destroyed 
by  heat. 

Some  idea  of  the  changes  produced  in  milk  by  the  action  of  this 
enzyme  may  be  formed  from  the  results  of  analyses  made  by  Bab- 
cock  and  Russell  of  milks  that  were  allowed  to  stand  for  various 
intervals  of  time  in  the  presence  of  an  antiseptic  to  prevent  the 
growth  of  bacteria.    These  results  are  given  in  the  following  table: 


Per  cent  nf 

proteidNin 

soluble 

form. 


Average  i>f  fresh  whole  milks  analyzed 

Average  of  whole  milks,  20-2n  days  old 

Average  of  eenlrifugiil  skim  milks  (fresh) 

Average  of  eentritugul  skim  milks,  8-12  months  old. 
Maxim  mil  found  in  skim  milk 


21.07 
38.27 
26.26 
73.30 
91.18 


The  proof  of  the  enzymic  nature  of  these  changes  is  shown  bj'  the 
stability  of  milk  heated  to  a  siifliciently  high  tem])erature  to  destroy 
such  ferments,  aiul  by  the  fact  that  fresh  milks  when  ])reserve(|  with 
powerful  anlise|itics.  siu'h  as  mercuric  chloride,  formalin,  clc.  uii- 
ijcfgn  no  change  even  lliougli  they  be  k'cpl  foi'  indelinile  periods  of 
(iine. 
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These,  observations  on  galactase  have  been  fully  confirmed  by  Von 
Freudenreich  (9)  and  other  investigators  (10).  Wender  (11)  has 
shown,  however,  that  galactase  as  ordinarily  prepared  from  separator 
slime,  according  to  Babcock  and  Russell's  method,  in  reality  consists 
of  at  least  three  distinct  enzymes,  viz,  gallactase  jDroj^er,  peroxidase, 
and  catalase.  Ordinarily  galactase  by  itself  acts  too  slowly  to  cause 
any  material  change  in  the  proteids  of  milk*  in  the  short  intervals 
which  usually  elapse  between  the  withdrawal  of  the  milk  from  the 
animal  and  its  consumption  as  food.  It  is  claimed  by  Babcock  and 
Russell,  however,  that  this  enzyme  probably  assists  in  those  changes 
which  ordinarily  take  place  in  the  ripening  of  cheese.  It  is  also 
claimed  by  Snyder  (12)  that  when  milk  is  used  in  a  mixed  diet  the 
proteids  have  been  found  to  be  from  4  to  5  per  cent  more  digestible 
than  when  milk  is  omitted  from  the  diet.  This  increased  digestibility 
he  claims  is  due  to  the  milk  enzymes.  In  this  connection,  it  is  of 
interest  to  note  that  Hougardy  (13)  has  recently  shown  that  cow's 
milk  contains  a  ferment  or  a  kinase  similar  to  enterokinase.  The 
author  proposes  to  call  this  ferment  lactokinase.  This  lactokinase 
has  been  found  to  accelerate  the  digestion  of  proteids  by  pancreatic 
juice  and  loses  its  power  to  facilitate  this  change  at  73°  to  75°  C. 

Lipase. — Marfan  and  Gillet  (14)  found  a  lipase  in  milk  capable  of 
hydrolyzing  monobutyrin.  Human  milk  exhibits  this  jjroperty  to  a 
higher  degree  than  cow's  milk.  The  former  was  found  to  have  a 
lipolytic  activity  of  20-30  on  HanriotV  scale,  while  cow's  milk  shows 
an  activity  of  only  6-8.  Gillet  (15)  has  shown  that  the  milk  of  differ- 
ent animals  contains  the  lipolytic  ferment.  This  ferment  withstands 
cold,  but  is  destroyed  by  heating  to  65°  C.  It  is  nondialyzable  and  is 
held  back  by  the  porcelain  filter.  It  probably  hydrolyzes  the  higher 
fats  of  milk  at  least  to  some  extent  and  may  possibly  account  for  a 
small  part  of  the  acidity  of  sour  milk. 

In  this  connection  Rogers  (16)  has  observed  that  this  ferment  is 
present  in  butter  and  on  standing  increases  its  acidity. 

The  so-called  "  salol- splitting  ferment.'''' — Nobecourt  and  Merk- 
len  (17)  observed  that  human  and  ass's  milks  have  the  power  of  hy- 
drolyzing salol  (phenyl  salicylate).  For  a  time  this  hydrolysis  was 
believed  to  be  accomplished  by  an  enzyme,  to  which  the  name  of  "  the 
salol-splitting  enzyme  "  was  given.  It  was  afterwards  shown,  how- 
ever, by  Desmoulieres  (18)  and  also  by  Miele  and  Willem  (19)  that 
no  such  ferment  exists  in  milk  and  that  this  decomposition  of  salol  is 
in  reality  a  saponification  brought  about  by  the  alkali  present  in  cer- 
tain milks,  and  that  only  those  milks  having  an  alkaline  reaction  are 
capable  of  eil'ecting  this  decomposition,  so  that  this  probably  disposes 
of  this  subject. 

The  oxidizing  ferments  of  milk. — Mill<  cotilains  no  ti'uo  oxidases  or 
oxidizing  fernuuits  ])ropta'.     It  docs  ilccoMiposc  hydrogen   pcroxitle, 
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however,  and  in  the  presence  of  small  amounts  of  hydrogen  peroxide 
or  ozonized  oil  of  turpentine  it  has  the  power  of  eii'eoting  the  oxida- 
tion of  a  considerable  number  of  easily  oxidizable  substances.  In 
other  words,  milk  contains  catalase  and  peroxidase.  These  have 
been  referred  to  in  the  literature  by  these  names ;  and  also  more  or  less 
indiscriminately  by  certain  writers  as  the  oxidizing  ferments  of  milk 
or  superoxidases,  and  also  by  some  as  the  indii'ect  oxidases. 

Catalase. — From  what  is  known  of  the  wide  distribution  of  the 
catalases  among  living  things  and  plant  and  animal  secretions  it 
seems  probable,  although  it  can  not  be  said  to  be  known  absolutely 
at  present,  that  the  fresh  milk  of  all  animals  has  the  power  of  decom- 
posing hydrogen  peroxide  more  or  less  easily.  Jolles  (20)  has 
pointed  out  that  human  milk  decomposes  five  or  six  times  as  much 
hydrogen  peroxide  in  the  same  length  of  time  and  under  the  same 
conditions  as  cow's  milk.  This  author  is  inclined  to  attach  consid- 
erable importance  to  this  reaction,  and  recently  Von  der  Velden  (21) 
also  lays  emphasis  on  the  fact  that  the  presence  of  catalase  in  human 
milk  serves  to  distinguish  it  from  cow's  milk.  On  the  other  hand, 
the  fact  that  cow's  milk  can  decomiDOse  hydrogen  peroxide  is  attested 
by  many  observers,  some  of  whom,  among  them  Amberg  (22),  have 
called  attention  to  the  gradiuil  disappearance  of  hydrogen  peroxide 
in  cow's  milk  on  standing,  and  others,  A^an  Itallie  (23)  among  them, 
to  the  fact  that  cow's  milk  loses  its  power  to  decompose  hydrogen 
peroxide  on  heating  to  63°  C.  Faitelowitz  (24)  has  shown  that  the 
catalase  of  milk  is  associated  with  the  fat  globules.  This  has  been 
confirmed  by  Reiss  (2.')),  who  further  points  out  that  the  catalase  of 
milk  is  insohible  in  the  presence  of  colloids. 

In  the  present  state  of  our  knowledge  we  know  very  little  concern- 
ing the  function  of  catalase  in  living  tissue  and  active  secretions.  The 
view  has  been  advanced  by  Loew  (26),  who  has  made  extensive 
studies  in  this  field,  that  the  function  of  catalase  is  to  destroy  any 
hydrogen  peroxide  that  may  have  been  formed  during  the  respiratory 
processes  in  the  li\iiig  cell,  thereby  preventing  the  accumulation  of 
this  and  other  peroxides,  all  of  m  hich  are  more  or  less  toxic  in  their 
effects,  thus  affording  protection  against  a  toxic  product  of  respira- 
tion. The  (juestion  whether  hydrogen  peroxide  is  formed  in  the  res- 
piratory process  in  plants  or  animals  is  a  much-mooted  question,  and 
there  has  been  considc^rablc  difference  of  opinion  among  chemists  as 
to  whether  iiydrogen  |)eroxide  ever  occurs  in  animal  or  vegetable  tis- 
sues. One  thing  is  certain,  however,  and  that  is,  wliether  hydrogen 
peroxide  occurs  therein  or  not  other  complex  peroxides  do  occur,  espe- 
cially in  plant  tissues  and  exudations  (see  Bach's  (27)  investiga- 
tions), and  quite  recently  in  an  investigation  of  remarkable  interest 
and  far-reaching  importance,  Usher  and  I'ricstley  (2S)  hnvecontirmed 
Erlcnmeyer's    ('JK)    theory  of  the  origin   of  carbohydi'ales  in  green 
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plants,  which  supposes  these  substances  to  originate  from  formic 
aldehyde,  which  in  turn  results  from  the  reaction  of  carbon  dioxide 
with  water,  as  indicated  in  the  following  equations : 


and 


(1)  C0,+2H,0=^^P^^,*;^^"^^+H,Q„ 


(2)  H,CO,+H,Q=^-^"f^^;^"^y^'^+HA- 


In  this  reaction  hydrogen  peroxide  is  formed,  and  of  course  if 
allowed  to  accumulate  in  the  cell  would  soon  put  a  stop  to  all  of  its 
vital  activities.  According  to  Loew,  however,  the  accumulation  of 
hydrogen  peroxide  Avould  be  prevented  by  its  decomposition,  prac- 
tically as  fast  as  formed,  by  the  catalase. 

Quite  recently  Usher  and  Priestley  (30)  have  succeeded  in  demon- 
strating the  decomposition  of  carbon  dioxide  by  means  of  chlorophyll 
within  and  outside  of  the  plant  and  in  proving  the  presence  of  formic 
acid,  formic  aldehyde,  and  hydrogen  peroxide  among  the  products 
of  the  decomposition.  As  already  stated  this  work  is  of  luuisual 
interest,  and  if  confirmed  by  subsequent  investigations  will  go  a  long 
way  toward  bringing  about  an  understanding  of  this  important 
biochemical  process  and  Avill  enable  us  to  understand  better  the 
function  of  the  catalases  in  general.  Of  course  if  hydrogen  peroxide 
or  similar  peroxides  are  present  in  milk  they  must  of  necessity  have 
a  different  origin  from  the  peroxides  occurring  in  the  cells  of  chloro- 
phyllous  plants.  It  is  readily  conceivable,  however,  that  such 
peroxides  might  originate  in  animal  tissues  and  secretions  in  other 
ways,  and  if,  in  the  one  case,  it  is  established  that  the  function  of 
catalase  is  to  destroy  hydrogen  peroxide  and  thereby  prevent  its 
accunnilation  in  the  cell,  it  will  probably  turn  out  that  it  has  a 
similar  function  in  milk  or  in  whatsoever  associations  it  is  found. 

It  is  held  by  some  that  the  catalases  are  not  oxygen  carriers,  and  in 
this  connection  Lesser  (31)  has  shown  that  the  decomposition  of 
hydrogen  peroxide  by  catalase  does  not  lead  to  the  oxidation  of  fat 
or  carbohydrates.  According  to  this  author  catalase  is  to  be  regarded 
as  a  sul)stance  capable  of  taking  up  o.xygen  and  of  giving  it  up  again 
under  certain  circumstances. 

Pcroxiduftoi. — The  idea  that  milk  contains  true  oxidizing  ferments 
or  o.xidases  ])roper  ]>robably  originated  from  the  fact  that  in  the 
earlier  woi'k  on  this  subject  old  tinctures  of  guaiucuin  were  employed 
in  maJving  (he  tests.  As  is  well  known,  old  tinctures  of  giiaiacum 
frequently  exhibit  I'eactions  whicli  arc  not  shown  by  (he  perfectly 
fresii  tinctures  (32).  This  has  been  accounied  for  on  the  supposition 
(hat  on  standing  exposed  to  air  and  light  substances  of  the  natin-e 
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of  peroxides  are  gradually  formed  in  tinctures  of  guaiacum  and  that 
these  substances  react  with  the  unchanged  guaiacum  in  the  presence 
of  a  2)eroxidase  or  suitable  t)xygen  carrier,  giving  rise  to  the  formation 
of  guaiacum  blue.  On  the  other  hand,  there  is  abundant  evidence 
at  hand  to  show  that  milk  contains  substances  capable  of  inducing 
the  oxidation  of  guaiacum  and  other  readily  oxidizable  substances 
by  means  of  hjalrogen  peroxide  or  ozonized  oil  of  turpentine.  These 
substances  are  destroj'ed  by  boiling  and  are  known  as  the  peroxidases. 
A  gxeat  many  reagents  have  been  proposed  for  the  detection  and 
approximate  estimation  of  the  peroxidases  in  milk,  with  the  view, 
primarily,  of  distinguishing  between  fresh  or  raw  and  heated  (pas- 
teurized) or  boiled  milk.  Among  these  may  be  mentioned  guaia- 
cum (33),  potassium  iodide,  and  starch  (34),  paraphenylene-dia- 
mine  (35),ortol  (3G),  paradiethyl-paraphenylene-dianune  (37),  ursol 
(38),  guaiacol  (39),  amidol  (Letfmann)  (35),  phenolphthalin  (40), 
benzidine  (41),  etc.  These  I'eagents  are  used  in  connection  with 
small  quantities  of  hydrogen  peroxide  or  some  peroxide  compound 
such  as  the  persulphates,  perborates,  or  ozonized  oil  of  turpentine, 
and  with  fresh  unheated  milk  they  all  give  characteristic  changes  of 
color  which  are  not  shown  by  milks  which  have  been  heated  to  80°  C. 
or  higher. 

Whether  the  peroxidases  of  milk  give  rise  to  any  changes  in  the 
composition  of  the  milk  can  at  present  only  be  conjectured.  It  may 
be  of  course  that  they  gradually  effect  the  oxidation  of  reducing 
substances  in  the  milk.  According  to  some  authors  they  gradually 
disajipear  when  the  milk  turns  sour.  It  has  been  our  experience, 
however,  that  they  pass  practically  imchanged  into  the  whey  when 
milk  curdles  as  the  result  of  the  lactic  acid  fermentation.  In  the 
present  state  of  our  knowledge  the  various  tests  which  have  been  pro- 
posed for  the  peroxidases  of  milk  are  chiefly  useful  in  enabling  us  to 
form  an  idea  of  the  condition  of  the  milk,  whether  it  has  been  heated 
beyond  certain  temperatures  or  not,  although  according  to  Gillet 
(15)  even  normal  fi-esh  milks  vary  in  the  amounts  of  peroxidases 
which  they  contain,  and  this  has  also  been  our  own  experience  with 
this  reaction. 

Rediirtases. — According  to  Seliginann  (42)  raw  milk  possesses  re- 
ducing properties;  for  example,  it  reduces  Schardinger's  (43)  reagent, 
which  consists  of  a  solution  of  methylene  blue  containing  small 
amounts  of  formaldehyde,  liy  some  authors  these  reducing  substances 
have  been  regarded  as  ferments,  reductases,  by  others  as  due  to 
Itacteria,  and  by  still  others  they  have  lieen  looked  upon  as  identical 
with  catalase,  the  ferment  in  milk  whicih  dovcomposes  hydrogen  per- 
oxide. By  the  use  of  a  weak  alcoholic  solution  of  methlyene  blue, 
Sinidt  (44)  claims  to  have  been  able  to  distinguish  between  the  re- 
duction I)roughl  about  i)y  bacteria  and  that  caused  bv  ferments.     'Hiis 
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author  lias  shown  that  the  reductases  of  milk  are  different  from  the 
catalase  and  superoxidase  of  milk  and  separable  from  these,  the  latter 
being  soluble  in  water  and  salt  sohition,  the  former  not.  In  recent 
communications  Seligmann  (45)  points  out  that  the  reductases  and 
peroxidases  of  cow's  milk  are  not  indentical.  According  to  this 
author  all  processes  of  reduction  occurring  in  fresh  and  sour  milk  are 
due  to  the  action  of  bacteria  and  not  to  unorganized  ferments. 

Cathcart  (4G)  has  also  made  a  .study  of  the  reduction  of  Schar- 
dinger's  reagent  by  fresh  milk.  According  to  this  author  the  reduc- 
tion of  the  coloring  matter  is  due  to  the  presence  of  a  catalase  which 
is  readily  destroyed  by  heat.  Our  knowledge,  therefore,  of  the 
reductases  of  milk  is  at  present  very  limited,  and  we  are  not  as  yet 
in  a  position  to  say  whether  they  are  responsible  for  any  of  the 
changes  ordinarily  occurring  in  milk. 

Part  IT. —  (3)  Changes  in  Milk  Brought  About  by  the  Action  of  the  Digest- 
ive Ferments — The  Rennin  Coagulation  of  Milk. 

The  composition  of  milk  is  profoundly  altered  during  the  process 
of  digestion  through  the  action  of  the  digestive  ferments.  In  the 
stomach  and  intestine  the  fat  is  hydrolysed  by  lipase,  giving  ri.se  to 
fatty  acids  and  glycerin,  the  milk  sugar  is  converted  into  glucose 
and  galactose  by  lactase,  and  the  proteids  into  simpler  and  more  dis- 
fusible  nitrogen  compounds  by  the  proteolytic  ferments.  Chief 
among  these  proteids  is  caseinogen,  which,  according  to  Lehmann  and 
Henipel  (1),  has  the  following  composition: 

Pel-  i-ent. 
Carbon r,_j 

Hydrogen j  04 

Nitrogen jg  g 

Snlphnr ' _  Yf  j 

I'liosphorus g^-j 

The  following,  according  to  Mann  (2),  are  the  principal  dissocia- 
tion pi-odu(;ls  which  have  been  isolated  from  caseinogen  by  hydro- 
lytic  cleavage : 

Per  pent. 
(JlycocoII Q 

Aliiuin i) 

Leucin _  ^0  5 

PUeuyliilanin ' 3  o 

Alpha-iiyrroliflin  earboxylic  acid .3.2 

Glulaniinic  acid • 10  7 

Aspartic  acid 1  o 

Cystin ,i(;5 

Serin l;. 

Oxy-alplia-pyrrolidln  earboxylic  acid .  -jr, 

Tyrosiii . 4.5 

Lysin j 5.  S 
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Per  cent. 

Histidiii 1 2.6 

Arginin 4.84 

Tryiitophane 1. 5 

Auiuionia   1.8 

Cystein 0 

Amino  valerianic  acid : 1. 

Glucosamin 0 

I>iamiuo-tfioxy  dodecanoic  acid .75 

According  to  this  author  the  absence  of  glycocoll  and  the  carbo- 
hydrate radical  and  the  rehitively  high  tyrosin  and  tryptophane 
<  (intent  of  caseinogen  render  it  especially  readily  digestible.  It 
seems  also  to  be  the  only  native  albumin  which  is  attacked  by  erepsin 
(see  Cohnheim  (3)),  and  on  account  of  its  ease  of  hydrolysis  it 
probably  plays  a  special  port  in  metabolism.  In  this  connection 
Tunniclift'e  (4)  has  shown  that  when  total  digestibility  is  considered 
human  milk  is  much  more  digestible  than  any  of  its  substitutes. 

Among  the  various  changes  brought  about  in  tlie  composition  of 
milk  through  the  action  of  the  digestive  ferments  the  most  typical 
and  characteristic  is  the  rennin  coagulation.  Exclusive  of  the 
mineral  matter  the  caseinogen  is  the  only  constituent  of  the  milk 
involved  in  this  change. 

It  has  long  been  known  that  fresh  milk  coagulates  in  the  stomach 
of  higher  animals,  and  that  an  aqueous  extract  of  the  inner  lining 
of  the  stomach  of  the  calf,  when  added  to  fresh  milk,  causes  it  to 
curdle,  whereby  it  clots  or  sets  in  the  form  of  a  solid  curd.  Since 
early  times  this  fact  has  been  turned  to  practical  account  in  the 
making  of  cheese.  The  earlier  explanations  of  the  rennin  coagu- 
lation of  milk  were  based  on  an  observation  by  Fremy  (5)  to  tlio 
efl'ect  tliat  rennet,  or  the  mucous  lining  of  the  calf's  stomach,  has  the 
power  of  converting  milk  sugar  into  lactic  acid.  According  to 
Liebig  {('<)-,  therefore,  rennin  curdles  milk  for  the  reason  that  it  acts 
upon  tile  milk  sugar,  converting  it  into  lactic  acid.  The  latter  then 
neutralizes  the  alkali  of  the  milk  which  holds  the  caseinogen  in 
solution,  thereby  precipitating  this  substance  as  the  curd. 

Soxhiet  (7)  also  saw  in  the  curdling  of  milk  by  rennin  an  analogy 
to  the  coagulation  of  milk  by  acids.  According  to  him  the  former 
lirocess  took  place  much  more  rapidly  than  the  latter.  He  held 
with  Liebig  that  the  rennin  converted  the  sugar  of  milk  into  lactic 
acid  and  that  this  in  turn  converted  the  alkaline  phosphate  existing 
in  the  milk  into  an  acid  phosphate,  which  in  turn  precipitatel  the 
casein.  Ilallier  (8)  ex|)lained  the  rennin  coagulation  of  milk  as  due 
to  the  presence  of  micro-organisms  in  (he  stomach  of  the  calf.  The 
most  important  of  the  eai'liei-  observations  on  the  curdling  of  milk 
by  rennin  was  that  made  l)y  IFeintz  (0),  who  showed  that  contrary 
to   previous    teachings   on    the    subject    the    ac([u<'ous   extract    of   tlie 
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mucosa  of  the  calf's  stomach  has  the  power  of  curdling  milk  in  both 
acid  and  alkaline' solutions.  To  Ilammarsten  (10)  and  Schmidt  (11), 
however,  belong  the  credit  of  first. showing  that  the  rennin  curdling 
of  milk  is  accomplished  by  means  of  a  soluble  ferment  to  which  they 
gave  the  name  of  '"  labferment "  or  "  chymosin."  This  is  the  fer- 
ment which  in  English  is  called  rennin,  formerly  rennet.  Hauunar- 
sten  succeeded  in  showing:  first,  that  the  curdling  of  the  milk  by 
rennin  is  indejiendent  of  the  action  of  lactic  acid;  second,  that  the 
caseinogen  (casein)  of  milk  is  not  in  true  solution  in  milk  but  in 
colloidal  suspension  (gequollenen  Zustande)  ;  third,  that  without 
the  ijresence  of  a  sufficient  quantity  of  calcium  phospluite  rennin 
coagulation  will  not  take  place;  fourth,  that  the  caseinogen  is  so 
modified  through  the  action  of  the  rennin  that  in  the  presence  of  a 
certain  quantity  of  a  lime  salt  it  can  no  longer  remain  in  solution,  but 
is  precipitated  as  casein  (Kase)  or  pai'acasein  calcium  phosphate; 
fifth,  that  as  the  result  of  the  action  of  rennin,  caseinogen  (casein) 
is  split  into  at  least  two  new  proteids,  casein  (der  Kase)  and  whey- 
proteid  (Molkeneiweiss).  The  former  contains  a  relatively  small 
quantity  of  calcium  salts  and  is  insoluble,  the  latter  contains  a  larger 
proportion  of  calcium  salts  and  is  easily  soluble.  Finally  Ham- 
marsten  held  it  to  be  highly  probable  that  the  rennin  coagulation 
of  milk  is  analogous  in  many  resjjects  to  the  coagulation  of  fresh 
milk  by  heat,  which  occurs  at  130°  to  150°  C,  and  that  in  this  regard 
the  action  of  rennin  is  similar  to  other  fermentations.  According 
to  Hammarsten,  therefore,  the  rennin  coagulation  of  milk  resolves 
itself  into  two  distinct  phases:  (1)  the  conversion  of  caseinogen" 
into  paracasein  in  the  presence  of  calcium  salts,  (2)  the  ijrecipitation 
of  paracasein  from  its  solutions  through  the  action  of  calcium  salts. 
It  will  be  observed  that  the  second  phase  of  the  coagulation  is  inde- 
pendent of  the  action  of  rennin. 

These  earlier  researches  by  Hammarsten  on  the  rennin  coagulation 
of  milk  have  been  the  point  of  departure  for  the  greater  number  of 
subsequent  investigations  in  this  field,  and  his  conclusions  respecting 
this  process  have  been  the  subject  of  a  great  deal  of  discussion. 

During  recent  years  the  rennin  coagulation  of  milk  has  been  studied 
by  many  observers.  Among  these  may  be  mentioned  Dudaux,  Cou- 
rant,  Lorcher,  Fuld,  Laqueur,  Loevenhart,  and  others.  As  the  result 
of  his  studies  on  the  rennin  coagulation  of  milk,  Loevenhart   (14) 

"The  niuue  caseinojJien  is  (Miiployed  tlirouglumt  lliis  (•(iiiinniiiicMlinu  dii  the 
rennin  foiiKulation  of  niillc  in  tlie  sense  in  wliieli  it  w.is  lirsl  nscil  l).v  llallilnir- 
ton  (12),  namely,  as  signifying  tlie  proteid  of  niill<,  wliicli.  tlu'ongli  tlie  acllon  of 
rennin  in  tlic  presence  of  ccrlain  calcinni  salts,  is  transformed  into  tlio  casein 
(paracasein)  of  the  cnrd.  'I'lic  (crin  paracasein  was  first  introdnced  into  tlie 
.science  l)y  Sdinizi'  Jind  ItJise  (  K". )  and  is  used  in  I  lie  sense  <Miiplciyed  liy  llani- 
niarHten. 
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it'cognized  essentially  three  distinct  phases  of  the  process :  ( 1 )  Trans- 
f<n-niation  of  caseinogen  into  paracasein;  (2)  alteration  or  rearrange- 
ment of  the  mineral  constituents  of  the  milk,  whereby  the  calcium 
-alts  become  available  for  the  coagulation;  (3)  j^recipitation  of  the 
paracasein  by  calcium  salts.  He  has  shown  that  the  conversion  of 
caseinogen  into  paracasein  proceeds  somewhat  more  raf)idly  than  the 
rendering  available  of  the  calcium  salts.  According  to  this  author 
tiie  first  two  phases  of  the  process  are  accomplished  by  the  action  of 
rennin,  whereas  the  third  phase,  namely,  the  precii^itation  of  the  para- 
casein, is  entirely  independent  of  the  action  of  the  ferment. 

He  also  arrived  at  the  conclusion  from  his  study  of  the  influence  of 
salts  on  the  coagulation  of  decalcified  milk  that  the  facts  "observed 
seemed  to  favor  the  theory  that  the  curdling  of  milk  depends  in  great 
part,  though  not  entirely,  on  the  rearrangement  or  rendering  a^'aila- 
ble  of  its  mineral  constituents.  He  succeeded  in  showing  that  fresh 
milk  can  not  precipitate  paracasein  solutions  nor  can  it  prevent  their 
precipitation  by  calcium  chloride.  Hence  it  would  seem  that  the 
calcium  salts  of  fresh  milk  are  in  some  way  altered  through  the  action 
of  rennin,  thereby  becoming  capable  of  precipitating  paracasein. 
He  concludes  therefore  that  in  the  rennin  coagulation  of  milk  the 
rennin  has  the  power  in  some  way  to  render  available  the  calcium 
salts  (die  calcium  Salze  frei  zu  niachen),  since  without  this  change 
no  coagulation  is  possible.  Similarly  Briot  (15)  maintains  that 
rennin  acts  less  on  the  caseinogen  than  on  the  calcium  phosphate  of 
milk.  While  this  extreme  view  is  probably  incorrect  it  is  certain  that 
the  majority  of  chemists  are  agreed  regarding  the  necessitj^  of  cal- 
cium salts  for  the  rennin  coagulation  of  milk.  That  such  is  the  case 
is  evident  not  only  from  the  earlier  investigations  of  Hammarsten 
but  also  from  later  and  more  exact  observations  by  Artlius  and  Pages 
(16),  Courant  (17),  Einger  (18),  Loevenhart  (14),  Edmunds  (19), 
Benjamin  (20),  Soldner  (21),  Laqueur  (22),  and  others. 

It  has  also  been  established  by  the  work  of  Courant  (17)  that  the 
reaction  of  milk  is  not  altered  during  the  rennin  coagulation. 

The  question  still  remains  to  be  considered.  How  does  the  reimin 
act  on  the  caseinogen  and  in  what  way  is  the  latter  altered  through 
the  action  of  the  ferment?  These  questions  have  been  exhaustively 
considered  by  Laqueur  (23),  who  has  arrived  at  the  conchision  that 
from  the  slight  diflei-ences  between  caseinogen  and  paracasein  thus 
far  made  out  it  is  impossible  to  arrive  at  an  unequivocal  explana- 
tion of  the  coagulation  of  milk  by  rennin.  This  autlior  is  inclined 
(o  believe,  howevei-,  that  Hammarsten's  oi'iginal  explanation  of  the 
]irocess  is  pei'ha])s,  all  things  consich'red,  llie  best  we  have.  Accord- 
ing to  this  explanation  the  rennin  acts  by  splitting  the  caseinogen 
into  a  larger  luolecide,  ))aracasein,  and  a  sniallei'  molecide,  (h<'  whey- 
proleid  ( inoikcneiweiss),  also  called  hemicaseinogi'n  all)umosi'  (Artlius 
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and  Pages).  Fuld  (24)  has  recently  suggested  the  name  whey- 
albumose  for  the  sohible  proteid  produced  in  the  rennin  coagulation 
of  milk.  This  view  also  derives  support  from  the  more  recent 
researches  on  the  subject  by  P.  T.  Miiller  (25),  who  found  whey- 
proteid  in  the  milk  serum  only  after  rennin  coagulation  and  not 
after  the  milk  had  been  coagulated  by  acids  or  lactoserum.  Simi- 
larly, unpublished  analyses  by  W.  Laqueur  (23)  and  an  experiment 
by  Rotondi  (26)  also  indicate  the  splitting  off  of  a  soluble  nitroge- 
nous compound  from  caseinogen  during  the  rennin  coagulation  of 
milk.  On  the  other  hand,  according  to  Duclaux  (27),  who  analyzed 
the  filtrates  obtained  by  filtering  fresh  milk  and  milk  coagulated  by 
rennin  through  a  porcelain  filter,  the  soluble  nitrogen  in  the  whey 
is  not  increased  after  rennin  coagulation,  nor  is  the  composition  of 
the  whey  altered  in  any  way.  That  such  is  the  case  may  be  seen 
from  the  following  results  of  his  analyses  of  milk  serum  before  and 
after  coagulation  by  rennin: 


Experiment  I. 

Experiment  II. 

Nonnal 
milk. 

Milk  coag- 
ulated by 
rennin. 

Normal 
milk. 

Milk  coag- 
ulated by 
rennin. 

5.53 
.55 
.54 

5.53 
.57 
.52 

6.37 
.37 
.66 

5  64 

.36 

Arrhenius  (28)  is  of  the  opinion,  however,  that  Duclaux's  experi- 
ments on  this  point  are  not  convincing,  since  the  whey  proteid  might 
have  been  retained  by  the  porcelain  filter,  especially  in  the  i^resence 
of  the  gelatinous  paracasein. 

From  his  researches  on  the  laws  governing  rennin  coagulation  Fuld 
(29)  also  arrived  at  the  conclusion  that  the  transformation  of  case- 
inogen into  paracasein  is  on)}'  a  molecular  rearrangement,  partaking 
of  the  nature  of  a  monomoleciilar  process.  According  to  this  author 
the  rennin  coagulation  of  milk  is  only  a  special  case  of  the  well-known 
phenomenon  of  the  reciprocal  suspension  and  precipitation  of  col- 
loidal sub.stances.  Loevenhart  (14)  has  al.so  reached  the  conclusion 
that  it  is  pi'obable  that  caseinogen  and  paracasein  are  chemically  the 
same  substance,  and  that  the  observed  differences  existing  between 
them  depend  upon  the  fact  that  paracasein  exhibits  a  higher  degree  of 
a.ssociation  than  caseinogen.  In  other  words,  j^aracasein  consists  of 
larger  molecular  aggregates  than  caseinogen,  otherwise  they  are 
identical.  Tliese  views  are  sliared  by  othei'  observers,  among  them 
Van  Slyke  and  Hart  (30).  On  tlie  other  hand,  Laqueur  (215),  from  a 
consideiation  of  these  facts  and  I  lie  coiuhict  of  other  colloidal  sub- 
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stances,  comes  to  exactly  the  opposite  conclusion,  viz.  that  caseinogen 
is  probabh'  a  higher  colloid  than  paracasein. 

According  to  Laqueiir  ('23),  the  idea  that  paracasein  is  a  more  com- 
jjlex  substance  than  caseinogen  has  also  received  suijport  from 
Danilewski's  observation  that  rennin  gives  rise  to  a  precijjitate  in 
solutions  of  albumoses.  According  to  the  Russian  investigators,  by 
whom  this  reaction  has  been  extensively  studied,  this  precijjitate  jios- 
sesses  the  ijroperties  of  a  higher  proteid.  They  therefore  see  in  this 
change  the  synthesis  of  a  complex  substance  having  the  nature,  of 
naturally  occurring  proteids  from  the  products  of  assimilation,  and 
find  a  ready  explanation  for  the  widespread  occurrence  of  rennin  in 
the  tissues  of  animals  and  plants  which  are  in  no  wise  concerned  with 
the  digestion  of  milk.  On  the  other  hand,  Laqueur  (23)  is  inclined 
to  question  the  validity  of  these  conclusions.  According  to  this 
author  the  weightiest  objection  that  can  be  urged  against  these  views 
is  that  at  present  we  have  no  exact  means  of  knowing  whether  the 
reaction  resulting  in  the  formation  of  these  plastein  substances,  as 
they  have  been  called,  is  really  the  result  of  rennin  action  and  whether 
we  have  a  right  to  ascribe  to  these  changes  the  same  cause  as  that 
which  brings  about  the  conversion  of  caseinogen  into  jDaracasein  in 
the  coagulation  of  milk.  We  know  that  as  yet  we  have  no  means  of 
operating  with  the  pure  ferment,  but  that  in  a  solution  of  ferments 
the  ferment  itself  often  composes  only  a  small  part  of  the  mixture, 
and  in  this  connection  it  has  been  found  that  whereas  one  part  by 
weight  of  the  ferment  solution  is  required  to  convert  48  grammes  of 
albumose  into  plastein  the  same  quantity  of  the  ferment  solution 
will  convert  from  10,000  to  100,000  grannnes  of  caseinogen  into  para- 
casein. Hence,  according  to  Laqueur  (23),  it  would  seem  to  be  a  far- 
fetched conclusion  to  ascribe  these  two  changes  to  the  same  ferment. 
It  is  therefore  a  mistake,  according  to  this  author,  to  assign  to  a 
ferment  so  widely  distributed  in  ])lants  and  animals  as  that  causing 
the  plastein  reaction  a  function  absolutely  identical  with  that  of  the 
ferment  contained  in  the  stomach  of  the  calf,  the  latter  producing 
the  typical  rennin  coagulation  of  milk,  until  it  has  been  definitely 
established  that  the  ferment  from  plants,  etc.,  also  acts  on  caseinogen 
in  two  stages,  in  one  of  which  calcium  salts  are  required,  and  that 
the  paracasein  produced  in  the  two  processes  is  the  same  in  each. 
Other  chemists  arc  also  of  the  opinion  that  the  plastein  reaction  is  in 
reality  due  to  pepsin  and  not  to  rennin  at  all. 

As  a  matter  of  fact  the  chemical  and  ])hysical  ditt'erences  between 
caseinogen  and  paracasein  are  apj)arently  so  slight  and  in  the  pres- 
ent state  of  our  knowledge  so  imperfectly  understood  that  it  is  ini- 
j)ossible  to  decide  between  all  of  these  conflicting  views  on  the  rennin 
1414— Bull    5G— 09 2S 
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coagulation  of  milk.  Laqueiir  (23)  takes  the  view,  however,  that 
the  h_ypothesis  that  rennin  causes  a  coagulative  splitting  of  caseino- 
gen  rests  at  least  iipon  some  foundation  of  fact,  whereas  the  view 
that  rennin  exerts  a  synthetic  action  rests  at  present  upon  very 
deceptive  analogies  and  teleological  evidence. 

The  more  one  studies  the  extensive  literature  of  the  rennin  coagu- 
lation the  more  one  is  disposed  to  agree  with  Laqueur  that  in  the 
present  state  of  our  knowledge  it  is  impossible  to  arrive  at  an  une- 
quivocal explanation  of  this  comjjlicated  process.  It  seems,  how- 
ever, to  have  been  reasonably  well  established — 

(1)  That,  exclusive  of  phosphates  of  calcium  and  other  soluble 
salts  of  calcium,  caseinogen  is  the  only  substance  in  milk  involved 
in  the  rennin  coagulation. 

(2)  That  in  the  rennin  coagulation  <if  milk  no  change  of  reaction 
occurs;  that  is,  no"  production  of  base  or  acid.  In  this  connec- 
tion it  has  been  pointed  out  by  Herwerden  (31)  that  hydrogen  ions 
are  not  necessary  for  the  rennin  coagidation  of  milk  or  of  solution 
of  caseinogen  containing  calcium. 

(3)  That  in  the  rennin  coagulation  of  milk  two  active  agents  are 
concerned,  a  soluble  ferment,  rennin.  and  calcium  ions;  that  is,  solu- 
ble calcium  salts. 

According  to  Hammarsten  the  caseinogen  is  resolved  by  rennin 
into  paracasein  and  whey  proteid.  Through  the  action  of  calcium 
ions  (soluble  calcium  salts),  the  former  is  then  precipitated  as  the 
curd  (Kiise),  the  latter  remaining  in  solution.  According  to  Fuld 
and  others  the  change  of  caseinogen  into  paracasein  is  a  molecular 
rearrangement.  According  to  Courant  the  dicalcium  caseinogenate 
is  so  altered  by  rennin  that  by  contact  with  soluble  calcium  salts  a 
precipitate  (the  curd)  is  produced.  According  to  Lovenhart  the 
rennin  renders  the  calcium  salts  of  milk  available  for  the  coagulation 
of  paracasein,  which  latter  is  formed  from  caseinogen  also  by  the 
action  of  rennin,  and  which,  according  to  this  author,  differs  from 
caseinogen  only  in  that  it  is  composed  of  larger  molecular  aggregates. 
It  will  be  observed  that  these  several  views  regarding  the  precise 
mode  of  action  of  the  rennin  differ  in  some  particulars.  These  dif- 
ferences can  only  be  reconciled  by  further  investigation. 

It  has  been  shown  by  Scildner  (32),  Osborne  (33),  Courant  (17), 
and  others  that  caseinogen  is  an  acid.  According  to  Courant  it  forms 
three  kinds  of  salts,  namely,  mono-,  di-,  and  tri-caseinogenates.  It 
also  seems  probable  from  Lehmann's  (1)  investigations  that  the 
caseinogen  exists  in  fresh  milk  in  the  form  of  a  comjilex  calcium 
salt  containing  calcium  phosphate.     According  to  this  author  the 
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romposition  of  this  compound  agrees  reasonabl_v  well  with  the 
formula 

Caj  (PO^),  Ca.  caseinogen. 

According  to  Courant  (17)  a  solution  can  be  obtained  showing 
essentially  the  same  alkalinity  to  lacmoid  and  the  same  acidity  to 
phcnolphthalein  and  conducting  itself  to  rennin  in  the  same  manner, 
as  fresh  milk,  1)V  bringing  together  lime  water,  caseinogen.  and 
phosphoric  acid  in  the  quantities  indicated  in  the  following  equation: 

/OH  /OH 

ti  Ca(OH),+^  Cas-OH  +  4  H3PO,  =  Ca3(PO,),+2  Cas-0\,,    , 
\0H  "  \C)/'"*+ 

Ca  (H,P0,),+12  H,0. 

In  other  words,  the  mixture  or  compound 

/OH 

[Ca3(PO,),+2  Cas-0^, ,  +Ca(H,PO,),] 
^Q>La 

closely  approximates  the  condition  of  the  caseinogen  and  phosphates 
as  these  substances  exist  in  fresh  milk.  "Wliether  these  several 
substances  are  merely  intimatel^v  mixed  together  or  whether  they 
form  some  loose  chemical  combination  similar  to  a  complex  double 
salt  can  not  be  definitely  determined  at  present.  According  to 
Courant,  however,  all  of  these  substances  are  necessary  to  the  rennin 
coagulation,  namelv,  dicalcium  caseinogenate,  soluble  calcium  salts, 
represented  in  the  equation  by  monocalcium  phosphate,  and  also 
tricalcium  phosphate.  According  to  this  author  only  the  dicalcium 
caseinogenate  is  altered  in  the  rennin  coagulation  of  milk,  this  being 
converted  into  paracasein.  According  to  him  the  role  of  the  soluble 
salts  of  the  alkaline  earths  (calcium)  in  this  process  is  simply  to 
diminish  the  solubility  both  of  the  caseinogen  itself  and  the  para- 
casein. This  last  notion  is  in  harmony  with  certain  observations  by 
Ringer  (18),  who  found  that  even  fresh  milk  is  coagulated  by  warm- 
ing with  small  amounts  of  calcium  salts.  According  to  this  author 
lliree  drops  of  a  solution  of  calcium  ciiloride  arc  sufficient  to  curdle 
ten  cubic  centimeters  of  fresh  milk  at  70°  to  7.")"  C.  Tie  further 
<)l)served  that  wiiile  a  very  slight  acidity  seems  to  fa\or  (he  coagula- 
tion by  calcium  salts  it  is  by  no  means  essential  to  the  process,  since 
it  can  be  l)rought  about  even  in  faintly  alkaline  milk. 

Finally,  in  (he  ])resence  of  soluble  calcium  salts  the  paracasein 
resulting  from  (he  action  of  rennin  is  precipitated  in  the  form  of  an 
insoluble  calciiuu  salt  containing  calciuni  phosphate,  either  in  loose 
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chemical  combination  or  as  an  intimate  mixture.  In  this  connection 
it  lias  been  shown  by  Harris  (34)  that  in  the  curdling  of  milk  by 
rennin  13  per  cent  more  calcium  phosphate  is  used  up  than  in  the 
acid  coagulation  of  milk. 

In  this  connection  Courant"s  (17)  views  regarding  the  composition 
of  milk  and  the  manner  in  which  the  caseinogeu  is  held  therein  aiford 
the  most  satisfactoiy  explanation  of  the  conduct  of  fresh  milk  toward 
chemical  indicators.  To  review  this  subject  briefly,  Courant  has 
found  that  cow's  milk  and  caseinogen  solutions,  such  as  that  whose 
composition  is  given  in  the  above  equation,  react  alkaline  to  lacmoid 
and  acid  to  phenolphthalein.  The  acidity  of  fresh  cow's  milk  proved 
to  be  slightly  less  than  that  of  the  caseinogen  solutions ;  the  alkalin- 
itj'  of  milk,  on  the  other  hand,  was  nearly  twice  that  of  the  caseinogen 
solutions.  He  reaches  the  conclusion  that  one  half  of  the  acidity 
toward  phenolphthalein  as  shown  by  cow's  milk  and  his  caseinogen 
solutions  is  due  to  the  acidity  of  dicalcium  caseinogenate,  and  the 
other  half  to  monophosphates.  In  this  calculation  he  purposely  neg- 
leqts  the  slight  acidity  of  milk  due  to  the  free  carbcmic  acid  which 
it  contains.  The  alkaline  reaction  toward  lacmoid  depends  in  the 
case  of  the  caseinogen  solutions  partly  on  the  dicalcium  caseinogen- 
ate, which,  like  the  salts  of  other  weak  acids,  is  readily  hydi'olyzable, 
yielding  a  certain  amount  of  free  base,  namely,  calcium  hydroxide, 
and  ])artly  on  the  insolulile  phosphates.  In  the  case  of  milk  the 
alkalinity  toward  lacmoid  depends  on  these  two  factors  and  also  on 
the  j)resence  of  diphosphates.  The  greater  alkalinity  of  cow's  milk 
depends  partly  on  the  larger  quantity  of  insoluble  phosphates  pres- 
ent, but  principally  on  the  presence  of  diphos])hates.  As  has  been 
repeatedly  shown,  human  milk  is  more  alkaline  than  cow's  milk. 
According  to  Courant,  however,  it,  like  cow's  milk,  is  also  acid  to 
jihenolphthalein  and  alkaline  to  lacmoid.    In  the  case  of  cow's  milk 

4  1 
lie  found  (he  ratio  of  alkaliiiitv  to  acidity  to  be    ^^='2.1,  and  in  the 

1.9;> 

case  of  woman's  milk  „'.3,7=3.  According  to  this  author  the  rela- 
lively  slight  acidity  of  woman's  milk  is  (hie  to  the  small  quantity  of 
caseinogen  which  it  contains  and  also  in  all  probability  to  the  fact 
tliat  it  contains  its  caseinogen  in  the  form  of  tricalcium  caseinogenate. 
To  return  for  a  moment  to  the  subject  of  the  rennin  coagulation  of 
milk,  it  would  seem  that  certain  aspects  of  this  change  exhibit  an 
analogy  to  the  action  of  a  toxin.  It  has  been  shown,  for  example, 
by  Hannnarsten  and  Koden  (35)  that  normal  horse  scruui  contains 
a  substance  capable  of  inhibiting  the  action  of  reiniin.  In  other 
words,  it  contains  an  antirennin.     Similarly,  by  repeated   injection 
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of  small  amounts  of  rennin  into  the  blood  of  animals,  Morgenroth 
(36)  obtained  an  antirennin.  According  to  Fuld  and  Spiro  (37)  the 
antirennin  of  normal  horse  serum  prevents  the  coagulation  of  milk  by 
binding  the  calcium  ions.  Arrhenius  is  therefore  of  the  opinion  that 
in  these  reactions  rennin  coresponds  to  the  toxophorous  group,  the 
calcium  ions  to  the  haptophorous  group  of  a  toxin,  and  the  antirennin 
to  an  antitoxin. 

Many  additional  facts  concerning  the  rennin  ferment  are  known. 
Like  other  ferments,  it  is  affected  by  heat,  and  the  rate  of  the  rennin 
coagulation  is  determined  both  by  the  quantity  of  rennin  acting  and 
!)y  the  temperature.  It  has  been  shown  that  the  ferment  can  with- 
stand a  temperature  of  —180°  C.  without  injury.  At  temperatures 
higher  than  44°  C.  the  ferment  gradually  loses  its  activity,  and  expo- 
sure to  a  temperature  of  50*^  to  60°  C.  for  a  considerable  time  has  been 
fotuid  to  be  more  harmful  than  a  sliort  exposure  to  a  higher  tempera- 
ture. The  effect  of  temperature  is  also  determined  b}'  conditions  sur- 
rounding the  ferment,  whether  it  is  moi.st  or  dry,  and  also  by  the 
reaction  of  the  solution  containing  the  ferment.  In  the  dry  state  it 
can  withstand  a  temperature  of  100°  to  140°  C.  Its  destruction  by 
heat  has  been  found  to  follow  the  law  for  a  monomolecular  reaction. 

The  influence  of  temperature  on  the  rennin  coagulation  has  been 
studied  by  Fuld  (29).  Some  of  his  results  are  given  in  the  following 
faille: 


Temperature"  (C). 

Time  (sec  ) . 

k,  observed. 

k,  calculated. 

M 
32 
17 

10.2 
9 
14.7 

185 
312 
58» 
'J80 
1,111 
G80 

185 

30 

327 

35 

574 

40 

980 

50 

2,742 

iThe  valiios  of  k,  observed  equal  10,000  divided  by  time.) 

II  will  1)0  observed  thai  llieic  is  a  good  agreement  between  the 
obsei'ved  and  the  calculated  values  up  to  40°  C.  Above  this  tem- 
peratiiie  the  observed  values  of  k  become  smaller  than  the  calculated 
values  on  account  of  the  gradual  destruction  of  rennin  by  heat. 

III  1870  Segelke  and  Storch  (38)  showed  that  rennin  coagidates 
niillc  in  intervals  which  are  inversely  proportional  to  the  conccnti'a- 
(ioii  iif  till'  I'cnnin  solution.  This  conclusion  has  been  confirmed  by 
the  latei-  woi'k  of  a  iiunil)er  of  observers.  Thus  Lorcher  (3!))  ol)tained 
the  following  results  from  his  measurements: 
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Quantity 

of  rennin, 

in  cc. 

Time  of  co- 
agulation, 
minutes. 

Product. 

0.01 
.02 

245 

490 

.03 

155 

465 

.04 

126.5 

486 

.05 

92 

460 

.06 

78 

468 

.07 

69.25 

485 

.08 

63 

504 

.09 

56 

504 

.10 

43 

430 

.20 

24.5 

490 

.30 

16 

480 

.40 

12.5 

500 

.50 

10 

500 

.60 

8.75 

525 

.70 

8.16 

561 

.80 

7.5 

600 

.90 

6.7 

603 

1.0 

6. 

600 

Recently  IMadsen  (40)  has  also  investigated  the  effect  of  concen- 
tration of  the  I'ennin  on  the  rennin  coagulation,  working  at  a  tem- 
perature of  36.55°  C.  The  following  are  the  results  of  his  measure- 
ments : 


Time 
(minutes). 

Rennin 
(grams). 

Product. 

i 

0.08 

0.32 

6 

.05 

.30 

9 

.033 

.30 

11 

.024 

.26 

12 

.019 

.23 

14 

.0175 

.25 

20 

.013 

.26 

■25 

.01 

.25 

30 

.007 

.21 

35 

.007 

.25 

50 

.005 

.25 

70 

.004 

.28 

80 

.0032 

.26 

100 

.0028 

.28 

120 

.0025 

.30 

180 

.00186 

.33 

240 

.0017 

.41 

The  influence  of  various  other  factors,  such  as  the  reaction  of  the 
milk,  the  action  of  .salts,  the  effect  of  ultraviolet  rays,  and  the  action 
of  various  organic  substances  on  the  rennin  coagulation  of  milk  has 
also  been  the  subject  of  numerous  investigations.  It  is  ofttimes  a 
(liilicult   matter  to  dclcrniiiie   wliethcr  tlie.sc   various   influences  are 
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exercised  toward  the  ferment  itself  or  whether  they  react  on  the  milk 
or  participate  only  in  the  second  phase  of  the  rennin  coagulation. 
The  further  consideration  of  such  agents  is  beyond  the  scope  of  this 
communication.  Before  leaving  the  subject,  however,  it  should  be 
observed  that  Ilillman  (41)  has  studied  the  rennin  coagulation  of 
milk  in  its  practical  aspects.  This  author  has  found  that  the  milk 
of  fresh  cows  is  better  suited  to  the  rennin  coagulation  than  the  milk 
of  cows  which  are  nearly  dry.  In  his  opinion  this  is  probably  to  be 
explained  by  the 'diminution  in  the  calcium  content  of  milk  during 
the  period  of  lactation.  He  found,  further,  that  the  degree  of  acidity 
of  milk  in  relation  to  the  calcium  content  is  an  important  factor. 
According  to  this  author  a  high  calcium  content  and  high  acidity 
prevail  at  the  beginning  of  lactation  and  are  usually  accompanied 
by  high  total  albumin  and  a  high  caseinogen  content,  all  of  which 
conduce  to  a  large  yield  of  j^aracasein.  He  also  finds  that  the  time 
of  coagulation  and  the  yield  of  paracasein  are  independent  of  one 
another;  generally,  however,  a  short  coagulation  time  and  a  large 
yield  of  paracasein  are  associated.  Strong  dilution  of  the  milk 
with  water  tends  to  diminish  the  yield  of  paracasein,  whereas  the 
addition  of  soluble  calcium  salts  tends  to  increase  it. 

According  to  this  autlior  the  action  or  rennin  consists  not  only  in 
the  splitting  of  caseinogen  into  paracasein  and  whej^  jiroteid,  but  also 
in  the  conversion  of  other  milk  proteids  into  more  soluble  form.  He 
seems  to  think  that  under  favorable  conditions  paracasein  may  be 
formed  from  the  albumin  as  well  as  from  the  caseinogen. 

Part  II. —  (4a)  Chemical  Changes  in  Milk  Produced  by  Bacteria  and  Vaeiotjs 
Other  Micro-okganisms. 

The  more  obvious  changes  in  milk  with  which  we  are  familiar 
are  those  that  are  brought  about  by  bacteria  and  various  other 
micro-organisms.  Among  the.se  changes  may  be  mentioned :  The 
ordinary  souring  and  curdling  of  milk,  with  the  production  of  lactic 
acid  as  the  chief  product;  the  production  in  milk  of  various  odor- 
iferous or  highly  flavored  substances,  many  of  a  somewhat  dis- 
agreeable character,  good  examples  being  met  with  in  the  ripening  of 
cream  and  cheese;  the  jiroduction  of  colored  substances  which  im- 
part to  the  milk  unusual  colors,  such  as  the  formation  of  blue  milk; 
the  formation  of  mucilaginous,  or  mucin-likc  substances,  which  serve 
to  impart  to  the  milk  a  characteristic  ropiness,  known  as  ropy  milk, 
and  finally  we  must  include  under  tliis  head  those  bacterial  changes 
in  milk  which  result  in  the  format  ion  of  jjoisonous  substances,  such  as 
tyrotoxicon,  toxins,  etc. 

The  lactic  acid  fermentation  of  milL-.  'I'lic  laclic  acid  IVrmentation 
is  the  commonest  and  best  known  of  all  the  muny  l)acleiiai  ciianges 
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that  occur  in  milk.  The  fact  that  on  standing  at  ordinary  tempera- 
tures milk  gradually  turns  sour  and  finally  curdles  has  been  known 
ever  since  milk  was  first  used  as  a  iood  by  man.  In  early  times  the 
acid  of  milk  was  supposed  to  be  acetic  acid,  the  same  as  is  present 
in  vinegar,  and  as  has  already  been  pointed  out  this  acid  does,  accord- 
ing to  Bechamp  (1),  occur  in  even  freshly  drawn  milk  in  small  (|uan- 
tities.  The  substance  really  responsible  for  the  souring  of  milk,  how- 
ever, viz,  lactic  acid,  was  first  discovei'ed  in  milk  by  Scheele  in  1780. 
The  new  acid  was  also  studied  by  Berzelius,  and  its  comjjosition 
definitely  established  through  the  work  of  Mitscherlich  and  Liebig  in 
1832.  Its  chemical  constitution  and  its  relation  to  other  varieties  of 
lactic  acid,  occurring  in  nature  or  the  jDroducts  of  chemical  synthesis, 
were  first  established  by  the  labors  of  Strecker,  Erlenmej'er,  and 
Wislecenus. 

In  1847,  Blondeau  (2)  discovered  micro-organisms  in  sour  milk, 
but  attached  to  these  no  jjarticular  significance  so  far  as  the  souring  of 
milk  is  concerned.  It  remained  for  Pasteur  (3),  in  1857,  to  definitely 
and  conclusively  show  as  one  of  the  results  of  his  classic  investigations 
onfermentation  that  the  souring  of  milk  is  really  a  kind  of  fermenta- 
tion, which  is  accomplished  by  a  peculiar  kind  of  micro-organism,  to 
which  he  gave  the  name  of  lemire  lacUque  (lactic  yeast).  His  firsf 
communication  on  this  subject  was  read  to  the  Scientific  Society  of 
Lille,  xVugust,  1857,  and  afterwards  to  the  French  Academy  in  No- 
vember, 1857.  Since  then  our  knowledge  of  the  lactic  acid  fermenta- 
tion has  been  considerably  extended  through  the  labors  of  Pasteur's 
students,  and  still  later  through  the  work  of  other  bacteriologists  and 
chemists.  For  example,  Boutroux  (4)  in  1878,  in  continuing  the  in- 
vestigations of  Pasteur  on  the  souring  of  milk,  arrived  at  the  conclu- 
sion that  the  lactic  acid  ferment  and  the  mj^coderma  aceti,  which  is 
concerned  in  the  transformation  of  alcohol  into  acetic  acid  in  vinegar 
nuiking,  are  identical,  but  that  these  vary  in  function,  depending  on 
their  general  environment  and  the  composition  of  the  liquid  in  which 
they  grow.  This  communication  also  contains  a  description  of  the 
lactic  ferment  and  an  enumeration  of  its  mor])hological  characteris- 
tics, which  are  beyond  the  scope  of  the  present  communication.  He 
observed  that  the  organism  grew  best  in  a  nutrient  medium  con- 
taining, besides  albuminous  matter,  invert-sugar  or  glucose.  He  also 
found  that  under  these  conditions  tlie  li(|iiid  can  attain  a  maximum 
acidity  of  1.5  per  cent  lactic  acid.  Larger  amounts  of  acid  than  this 
checked  the  life  and  growth  of  the  organism,  and  hence  if  it  is  desired 
to  convert  all  of  tlie  sugar  into  lactic  acid  the  acid  must  be  neutralized 
with  chalk  or  zinc  carbonate  as  fast  as  formed.  Under  pro]ier  con- 
ditions tlie  lactic  acid  organism  employed  by  Boutroux  jn-oduces  lactic 
acid  ojdy. 
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The  lactic  acid  fermentation  of  milk  sugar  was  also  investigated  by 
Ivichet  (5),  who  found  that  when  milk  is  kept  at  40°  C.  it  becomes 
acid  and  coagulates  and  finally  attains  an  acidity  of  1.6  per  cent, 
which  amount  it  never  exceeds.  He  made  the  further  interesting 
(jhservation  that  if  gastric  juice  be  added  to  milk  the  casein  is  coagu- 
lated and  finally  dissolved,  and  in  less  than  twenty-four  hours  the 
milk  contains  a  larger  quantity  of  lactic  acid  than  otherwise  would 
have  been  produced  in  a  weeFc,  and  after  four  or  five  days  as  much  as 
I  per  cent  of  lactic  acid  was  formed.  He  observed  that  while  neither  a 
pure  solution  of  lactose  nor  gastric  juice  will  ferment,  if  the  two  be 
mixed  fermentation  takes  place;  and  that  the  casein  of  milk  after  it 
has  been  dissolved  by  gastric  juice  also  ferments,  yielding  lactic  and 
butj'ric  acids,  besides  other  products  of  fermentation.  On  the  other 
hand,  the  whey  of  milk  obtained  by  coagulation  with  rennin  never 
attains  an  acidity  greater  than  l.G  per  cent  of  lactic  acid,  even  after 
having  been  kept  for  six  months.  He  found  that  the  lactic  acid 
fermentation  is  increased  by  exposing  a  large  surface  of  the  milk  to 
the  air.  The  activity  of  the  ferment  increases  up  to  44°  C,  remains 
constant  between  44  and  52°  C,  and  above  52°  C.  diminishes  in 
activity  as  the  temperature  rises.  Digestive  juices  and  peptones 
were  found  to  aid  lactic  fermentation,  but  leucine  and  glycocoll 
were  found  to  have  no  effect  upon  the  process. 

The  general  trend  of  more  recent  investigations  on  the  subject  of 
lactic  acid  fermentation  has  been  to  show  that  the  change  of  milk 
sugar  into  lactic  acid  takes  place  under  the  influence,  either  direct  or 
indirect,  of  a  whole  series  of  micro-organisms,  whose  number  has  been 
considerably  augmented  by  recent  investigations  in  this  field.  Marp- 
mann  (6),  for  example,  during  the  summer  of  1885  investigated  the 
micro-organisms  of  cow's  milk  in  the  neighborhood  of  Goettingen 
and  detected  five  seemingly  new  and  different  species  of  organisms 
which  more  or  less  strongly  induce  the  lactic  acid  fermentation  in 
solutions  of  cane  sugar  and  also  in  milk. 

Leaving  out  of  consideration  the  lerurc  lactique  of  Pasteur,  the  first 
of  these  organisms  whose  morphological  and  biological  character- 
istics seem  to  have  been  determined  with  sufficient  accuracy  is  the 
Bacillus  acidi  lactici  of  Hueppe  (7).  It  is  now  known  that  in  addi- 
tion to  the  Bacillus  acidi  lactici  (Ilnej)pe)  the  following  organisms 
can  bring  alxjut  the  lactic  acid  fermentation,  viz.  Bacillus  aerogenes, 
Bacillus  coli.  Bacillus  lactis  acidi  (Leichmann  and  others),  Strepto- 
coccus lacticus  (Kruse),  Streptococcnis  pyogenes,  Pneumonococcus  A 
and  Pneumonococcus  B,  Bacillus  Delbruecki  (Leichmann),  I5acillus 
acidificans  longissimus  (La far),  etc. 

Beyerinck  (8)  has  also  made  exhaustive  studies  of  the  lactic  acid 
ferments  employed  in  the  arts.  This  author  applies  the  name 
Lactobacillus   DelbruecJvi    to   all   species  of  the   lactic-acid    ferment 


362 

which  cun  be  isolated  l)y  the  ij;ehitiii-nuist  method.  These  organ- 
isms, according  to  this  author,  however,  are  not  the  active  agents  of 
a  good  industrial  ferment.  On  the  other  hand,  from  such  a  ferment 
he  was  able  to  isolate  the  Lastobacillus  fermentans.  This  organism 
when  cultivated  under  good  conditions  yields  only  lactic  acid  and  no 
volatile  acids.  The  minimum  temperature  of  its  activity  he  found 
to  be  25°  C,  the  optimum  temperature  'il°-42°  C.  and  the  maximum 
temperature  50°  C.  These  observations  furnish  an  interesting  con- 
firmation of  the  earlier  work  of  Richet  so  far  as  the  influence  of 
temperature  on  the  lactic  fermentation  is  concerned.  According 
to  Beyerinck  the  lactic  organisms  studied  by  him  can  be  mutually 
transformed  into  one  another  by  cultivation. 

Ileinemann  (9)  has  called  attention  to  the  similarity  existing 
between  Bacillus  acidi  lactici  (Hueppe  and  others)  and  Bacillus 
(lactis)  aerogenes  (Escherich)  and  also  to  the  similarity  of  Bacillus 
lactis  acidi  (Leichmann  and  others),  Streptococcus  lacticus  (Kruse) 
and  Streptococcus  pyogenes,  and  in  a  more  recent  communication 
(10)  on  the  kinds  of  lactic  acid  produced  by  lactic  acid  bacteria,  to 
the  similarity  of  Streptococcus  lacticus  with  Streptococcus  pyogenes 
and  of  Bacillus  acidi  lactici  with  Bacillus  aerogenes.  It  has  been 
observed  by  this  author  that  in  the  ordinary  souring  of  milk,  lactic 
acid  is  produced  chiefly  by  Streptococcus  lacticus  and  Bacillus  aero- 
genes, and  further,  that  the  former  organism  predominates  in  ap- 
proximate proportion  to  the  purity  of  the  milk.  Conn  (11)  also  has 
shown  that  95  to  100  per  cent  of  all  organisms  in  sour  milk  are  of 
the  Bacillus  lactis  acidi  type  (Streptococcus  lacticus). 

It  is  now  known  that  lactose  (sugar  of  milk)  is  not  directly  fer- 
mentable, but  must  first  be  converted  into  the  simpler  sugars  glucose 
and  galactose.  It  has  been  shown  by  a  number  of  investigators  that 
many  yeasts  and  bacteria  produce  an  enzyme  which  is  capable  of 
effecting  this  hydrolysis,  and  Hirschfeld  (12)  has  shown  that  in  the 
souring  of  milk  the  lactic  acid  bacteria  accomplish  the  inversion  of 
lactose,  and  that  this  change  takes  place  most  rapidly  in  the  first 
thirleon  to  twenty- four  hours  after  the  introduction  of  the  organisms 
into  the  milk,  the  relative  amounts  of  lactose  inverted  being:  First 
day,  O.lfi;  second  day,  0.23;  third  day,  0.29.  Finally  in  this  connec- 
tion it  has  been  shown  by  Buchner  and  Meisenheimer  (13),  and  inde- 
pendently by  Ilerzog  (14),  that  an  enzyine  can  be  extracted  from 
certain  of  the  lactic-acid-forming  bacteria,  which  in  the  absence  of 
organisms  is  able  to  transfoi'm  lactose  and  cane  sugar  into  lactic  acid. 
Buchner  and  Meisenheimer  extracted  the  ferment  from  Bacillus  Del- 
bruecki  (Leichmann),  whereas  in  his  experiments  Ilei'zog  employed 
the  Hacteriiini  acidi  hu'tici.  On  tlie  other  hand  Uoyorinck  (8)  is  of 
the  opinion  lli:i(  ihc  piddiidion  <d'  lactic  acid  by  the  lactic  acid 
baclei'ia  is  mil  n  iiicrc  cii/.yinic  riinrlion,  liiil  a  cataliolic  |irocpss. 
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The  kinds  of  lactic  acid  -produced  in  milk  hy  the  lactic  acid  hac- 
iciia. — As  is  well  known,  4  isomers  of  lactic  acid  exist.  Three  of 
these  are  stereo-isomers  of  alpha-oxy-propionic  acid  or  ethylidine 
lactic  acid,  the  chemical  structure  of  which  is  represented  by  the 
formula 

CH,.CHOH.COOH. 

This  compound,  as  indicated  by  the  above  formula,  contains  one 
asynunetric  carbon  atom,  viz,  the  central  one,  and  hence  two  optically 
active  forms  of  lactic  acid  and  one  optically  inactive  form  composed 
of  equimolecular  proportions  of  the  two  active  varieties  are  possible 
and  all  three  are  known  to  exist.  Aqueous  solutions  of  one  of  these 
forms  of  lactic  acid  rotates  the  plane  of  polarization  to  the  right,  the 
second  active  variety  rotates  it  to  the  left,  and  the  third  inactive 
form  has  no  effect  on  the  plane  of  polarization.  Hence  the  first 
acid  is  called  dextrolactic  acid,  and  is  designated  as  the  d-lactic  acid 
or  simply  d-acid;  the  second  is  called  la?vo-lactic  acid  and  is  desig- 
nated as  1-lactic  acid  or  1-acid ;  and  the  third  lactic  acid  of  the  above 
formula  is-  called  inactive  or  racemoid  lactic  acid  and  is  designated 
(d  -|-  1)  lactic  acid  or  sometimes  r-acid. 

The  fourth  isomer  of  lactic  acid  has  an  altogether  different  chemical 
constitution  from  the  other  three  forms  of  the  acid  and  is  known  to 
chemists  as  beta-oxypropionic  acid,  hydracrylic  acid,  or  ethylene 
lactic  acid.     It  has  the  chemical  structure  represented  by  the  formula 

CH,OH.CH,.COOH: 

This  acid  contains  no  asymetric  carbon  atom.  It  therefore  ex- 
hibits no  optical  activity  and  only  one  form  of  it  is  known.  This 
is  not  a  product  of  the  lactic  acid  fermentation,  and  hence  docs  not 
furtlier  concern  us  in  this  connection.  In  the  changes  occurring  in 
the  fermentation  of  milk  we  are  concerned  with  only  the  first  3  fcn-ms 
of  the  acid,  viz,  with  the  optical  isomers  of  alpha-oxypropionic  acid. 
Formerly  it  was  generally  accepted  as  pretty  well  established  that  the 
lactic  acid  produced  in  the  souring  of  milk  consisted  mainly,  if  not 
entirely,  of  the  r-acid.  Indeed,  ordinary  lactic  acid,  viz,  the  r-acid, 
was  frequently  spoken  of  as  fermentation  "  (liihrungs  "  lactic  acid. 
In  1895,  however,  it  was  shown  by  Giinther  and  Thierf elder  (15) 
that  the  lactic  acid  present  in  milk  which  has  soured  spontaneously 
tloes  not  always  consist  entirely  of  inactive  lactic  acid.  They  showed, 
in  fact,  that  while  the  inactive  acid  was  present  in  naturally  sour  milk 
there  was  often  a  preponderance  of  the  dextro-rotatory  acid.  Fur- 
ther, the  Bacillus  lactis  acidi  (Streptococcus  lacticus,  Kruse)  in  i)ure 
lactose  was  found  invariably  to  produce  the  d-acid. 

In  this  connection  Gadanier  (Ki)  has  observed  that  commercial 
bu'tic  ;ici<l  is  either  inactive  or  dextro  rotatory. 
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Quite  recently  Heinemann  (10)  lias  made  an  exhaustive  study  of 
the  kinds  of  lactic  acid  produced  in  milk  by  the  lactic  acid  bacteria. 
The  following  are  his  conclusions : 

1.  Milk  naturally  soured  at  room  temperature  contains  chiefly  d-acid.  Milk 
soured  at  37°  C.  contains  ehiefiy  r-acid  with  1-acid  in  excess  if  allowed  to  Kt;uiil 
several  days. 

2.  Streptococcus  lacticus  and  Streptococcus  pyogene.s  produce  the  same  kind 
of  lactic  acid,  i.  e.,  d-acid.  B.  aerogenes  from  milk  (B.  aeidl  lactici)  and  the 
ordinary  laboratory  strain  of  B.  (lactis)  aerogenes  (Esclierich)  produce  the 
same  kind  of  lactic  acid,  i.  e.,  1-acid. 

3.  The  lactic  acid  produced  in  natur.illy  soured  milk  varies: 

(a)  According  to  the  relative  nunilicrs  of  Streptococcus  lacticus  and  B. 
aerogenes  present,  the  higher  the  number  of  B.  aerogenes  the  more  1-acid  is 
produced. 

(h)  According  to  the  temperature  at  which  the  fermentation  takes  place,  other 
conditions  being  equal,  at  37°  C.  relatively  more  1-acid  is  formed  than  at  room 
temperature. 

(e)  According  to  the  length  of  time  the  fermentation  has  lasted,  the  longer 
the  time  the  more  1-acid  is  formed. 

4.  In  "  certified  "  milk,  d-aeid  only  was  i)resent  at  room  temperature  for  nine 
days,  while  both  d-acid  and  1-acid  were  present  in  milk  of  poorer  quality  after 
one  to  four  days.  At  37°  C.  1-acid  was  apparent  after  six  days  in  "certified" 
milk  and  on  the  second  day  in  other  milk.  It  seems  as  if  the  purer  the  milk 
the  longer  the  excess  of  d-acid  persists. 

5.  Itacemie  lactic  acid  is  the  result  of  the  formation  of  pure  d-acid  and  pure 
1-acid  by  at  least  2  different  species  of  micro-organisms.  Racemic  lactic  acid  is 
not  known  to  be  the  product  of  one  species  only. 

6.  Since  it  is  known  that  B.  aerogenes  forms  other  acids  besides  lactic  acid, 
often  in  appreciable  amounts,  while  Streptococcus  lacticus  produces  almost  pure 
d-acid,  the  presence  of  d-acid  may  be  taken  as  indicating  desirable  conditions 
for  dairy  work,  because  this  shows  the  absence  of  the  fermentation  products  of 
B.  aerogenes;  i.  e.,  volatile  acids,  gas,  and  ethyl  alcohol. 

According  to  Clafflin  (17)  in  the  lactic  acid  fermentation  as  carried 
out  in  the  manufacture  of  the  acid,  in  which  process  the  acid  pro- 
duced is  neutralized  by  chalk  practically  as  fast  as  formed  (or  at 
least  never  allowed  to  exceed  0.02  to  0.5  per  cent  by  weight  of  the 
solution),  98  per  cent  of  tlie  sugar  is  converted  into  lactic  acid  in 
three  to  six  days  through  the  action  of  a  pure  culture  of  Bacillus 
acidi  lactici.  On  the  other  hand,  in  the  ordinary  souring  of  milk,  in 
which  case  of  course  no  pains  are  taken  to  neutralize  the  acad  as  it 
accumulates  in  the  liquid,  smaller  amounts  of  lactic  acid  are  formed 
and  much  less  than  the  total  quantity  of  lactose  present  is  changed. 
Thus  we  have  seen  from  the  earlier  observations  of  Boutroux  and 
Richet  that  the  lactic  acid  never  exceeds  l.O  per  cent  by  weight  of 
the  liquid  luidergoing  fermentation,  and  according  to  recent  observa- 
tions by  Hhuiieiithal  and  Wolff  (18),  milk  which  has  been  kept  four 
years  may  still  contain  r>0  per  cent  of  its  original  lactose  michanged. 

It  has  also  been  found  by  llaacke  (19)  tliat  tlie  amouut  of  lactic 
acid  i)roduced  in  the  lactic  I'ermentalioii  never  exceeds  one-tliird  of 
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the  amount  of  sugar  decomposed  and  that  the  quantity  of  acid  present 
iit  any  one  time  during  the  time  of  the  fermentation  is  not  strictly 
]iroportional  to  the  amount  of  sugar  decomposed,  for  the  reason  that 
a  part  of  the  lactic  acid  resulting  from  the  decomposition  of  the 
-iigar  is  in  all  probability  decomposed  into  other  substances.  Accord- 
ing to  this  observer,  1,000  lactic  bacilli  decomposed  in  one  hour  an 
amount  of  sugar  varying  according  to  conditions  from  0.00001  to 
O.OOS  milligram. 

The  changes  brought  about  in  milk  by  micro-organisms  are  by  no 
means  confined  to  the  production  of  lactic  acid.  In  fact,  as  we  have 
already  seen,  it  is  only  by  working  with  pure  cultures  of  certain  of 
the  lactic  acid  organisms,  such  as  the  Streptococcus  lacticus,  etc., 
under  proper  conditions,  that  lactic  acid  alone  is  produced,  and  in 
the  souring  of  milk,  as  this  ordinarly  takes  place,  a  great  many  sub- 
stances besides  lactic  acid  are  produced  in  larger  or  smaller  amounts. 
Among  these  may  be  mentioned  acetic,  butyric,  and  succinic  acids, 
alcohol  and  gaseous  substances,  such  as  hydrogen  and  carbon  dioxide. 
In  addition  to  these  substances  may  be  mentioned  the  production 
of  small  amounts  of  substances  having  characteristic  odors  usually 
of  a  disagreeable  character. 

It  would  seem  from  the  recent  work  of  Tissier  and  Gasching  (i^O), 
carried  on  in  Professor  Metschnikoff's  laboratory,  that  in  the  souring 
f)f  milk,  as  this  usuallv  takes  place,  we  have  a  more  or  less  regular  and 
definite  sequence  of  changes,  due  to  the  growth  and  development  in  the 
milk  of  various  species  of  micro-organisms  which  were  always  found 
by  these  observers  to  be  present  in  the  milk  as  it  left  the  dairy.  In 
the  samples  examined  by  them  they  found  constantly  bacteria  and 
fungi.  According  to  these  authors  the  bacteria  present  in  milk  are 
divisible  into  two  groups: 

First.  Mixed  ferments,  including  the  proteolytic  niixed,  such  as 
Staphylococcus,  rather  rare,  and  the  peptolytic  mixed,  such  as  En- 
lerococci,  B.  coli,  B.  acidi  paralactici,  and  B.  lactopropylbutyricus. 

Second.  The  simple  ferments,  including  the  simple  proteolytic,  such 
as  Mesentericus,  Subtilis,  B.  putrificus,  and  Proteus  vulgaris;  the 
.simple  peptolytic,  such  as  Proteus  Zukeri  and  B.  foecalis  alcaligenes. 

The  fungi  are  oidiuni  hictis,  rhizopus  nigricans,  and  in  one  case  a 
lactose   yeast. 

In  sterilized  milk  these  authors  h:ive  found  these  organisms  to  pro- 
duce the  following  changes: 

The  mixed  ferments  accomplish  two  principal  fermentations  in 
milk,  tile  lactic  and  the  butyric  fermentations.  The  lactic  fermenta- 
tion is  brought  about  by  enterococcus,  less  actively  by  B.  coli  and 
most  actively  and  vigorously  by  B.  acidi  paralactici,  which  possesses 
a  Ingh  order  of  resistance.  It  produces  chiefly  dextrolactic  acid. 
'J"li('  Itutyric  I'ernientation  is  accomplished  by  only  one  species,  viz, 
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B.  lactopropylbutyricus.  which  iu  order  of  sequence  follows  in  the 
wake  of  the  lactic  fermentation.  It  is  only  dependent  on  it  indi- 
rectly, however,  since  for  the  growth  and  development  of  this  organ- 
ism in  milk  neither  lactic  acid  nor  lactates  are  required,  but  a  hexose 
which  is  foi-med  from  lactose  by  the  bacteria  immediately  preceding 
the  growth  of  the  butyric  ferment.  Thus  the  butyric  ferment 
depends  only  indirectly  for  its  action  on  the  lactic  acid  fermentation. 

The  simple  ferments  of  milk  have  been  found  to  peptonize  and 
destroy  the  casein,  but  in  symbiosis  with  the  mixed  ferments  they 
are  rapidly  arrested  in  their  action  by  the  acid  reaction  of  the  medium 
and  become  powerless  to  effect  those  changes  in  milk  which  they 
ordinarily  can  accomjDlish.  For  the  completion  of  these  changes, 
therefore,  the  intervention  of  higher  organisms  is  necessary.  These 
are  accomplished  by  the  milk  fungi,  oidium  lactis,  and  rhizopus 
nigricans. 

The  progress  of  the  souring  of  milk  has  been  found  by  these 
observers  to  be  always  the  same.  The  mixed  ferments  develop  rap- 
idly, aided  by  the  simultaneous  action  of  the  simple  ferments.  En- 
terococcus  has  been  found  to  be  the  species  predominantly  producing 
inactive  lactic  acid,  valerianic  acid,  and  also  always  acetic  acid. 
B.  coli  follows  in  its  action,  producing  laevo  lactic  acid.  Together 
these  two  organisms  give  an  acidity  to  milk  equivalent  to  1.47  to  2  per 
cent  of  sulphuric  acid.  This  degree  of  acidity  arrests  the  action  of 
the  proteolytic  ferments  and  brings  on  the  coagidation  or  curdling 
of  the  milk.  The  B.  acidi  paralactici  continues  the  destruction  of 
the  lactose,  however,  and  gives  rise  to  the  true  lactic  acid  fermentation, 
producing  always  dextrolactic  acid.  The  medium  having  become 
favorable  for  its  growth  and  development,  the  Bacillus  lactopropyl- 
butyricus  sets  up  its  characteristic  fermentation,  producing  always 
inactive  lactic  and  also  propionic  and  butyric  acids  until  a  total 
acidity  of  4  to  6  per  cent  in  terms  of  sulphuric  acid  is  reached.  This 
degree  of  acidity  arrests  all  bacterial  action.  The  fungi,  oidium  lactis, 
and  rhizopus  nigi'icans  then  intervene,  however,  and  by  oxidizing  the 
organic  acids  and  lactose  and  by  eti'ecting  a  further  destruction  of  the 
casein  again  favor  the  growth  and  multiplication  of  those  organisms 
whose  development  has  been  momentarily  checked.  It  also  appears 
from  the  work  of  Tissier  and  (iasching  that  the  simple  ferments  alone 
can  bring  about  the  decomposition  of  the  casein  and  its  ultimate  deriv- 
atives. They  have  further  observed  that  the  bacteria  ordinarily  con- 
cerned in  the  souring  of  milk  are  not  in  any  way  directly  responsible 
foi-  the  digestive  disturbances  which  occasionally  result  from  the  use 
of  milk  asa  food.  Under  certain  conditions,  however,  they  may  act 
as  predisposing  causes,  but  the  accidents  of  botulism  are  due,  accord- 
ing to  these  authors,  to  special  species  of  organisms  differing  from 
those  which  are  ordinarilv  concerned  in  tlie  souring  of  milk. 
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Quite  recently  Beyerinck  (21)  has  again  discussed  the  lactic  fer- 
mentation of  milk.  He  has  found  that  temperature  and  oxygen 
pressure  determine  the  nature  of  the  autofernientation  of  milk.  At 
temperatures  below  40°  C.  the  fermentation  brought  about  by  B. 
coli  is  replaced  by  a  butyric  acid  fermentation,  which,  after  lasting 
some  time,  is  succeeded  by  a  lactic  acid  fermentation.  In  good  milk, 
even  at  40°  C,  at  which  temperature  gas-producing  bacteria  develop 
most  rapidly,  no  gas  is  produced.  This  fact  therefore  forms  the 
basis  of  a  dairy  test  for  judging  of  the  purity  of  milk.  He  recog- 
nizes three  forms  of  lactic  acid  fermentation  depending  on  the  tem- 
jjerature.  At  very  low  temperatures  there  occurs  the  slimy  lactic  acid 
fermentation,  which,  according  to  this  author,  is  due  to  the  smaller 
cell  walls  of  the  organism.  At  medium  temperatures  the  common 
lactic  acid  fermentation  predominates,  this  being  caused  by  the  lacto- 
coccus  and  at  higher  temperatures  the  lactic  acid  fermentation 
caused  by  the  lactobacillus.  Methods  for  isolating  these  organisms 
from  milk  are  given,  and  also  their  morphological  characteristics 
and  their  zymotic  reactions.  He,  like  other  observers,  has  found  the 
lactic  acid  ferment  to  be  very  variable. 

Refei-ence  has  already  been  made  to  the  fact  that  the  lactic  acid 
fermentation  of  milk  is  used  commercially  in  the  manufacture  of 
lactic  acid.  The  lactic  acid  fermentation  of  milk  is  also  turned  to 
])ractical  account  in  the  manufacture  of  cheese.  It  has  been  shown 
by  Epstein  (22)  that  the  ripening  of  cheese  is  due  largely  to  the 
action  of  organisms  which  induce  the  lactic  acid  fermentation. 
Each  particular  kind  of  cheese  is  produced  by  the  agency  of  special 
organisms  which  act  chemically  by  means  of  enzymes  and  give  rise 
to  the  peculiar  odor  and  flavor  of  the  cheese.  These  organisms  are 
cliosen  i)oth  with  regard  to  their  power  to  induce  the  lactic  acid  fer- 
mentation and  also  with  regard  to  the  pecidiar  kind  of  cheese  desired. 
Similar  views  regarding  the  ripening  of  cheese  are  held  by  Von 
Ereudenreich  (23).  According  to  this  author  the  lactic  acid  bacteria 
play  the  preponderating  if  not  the  exclusive  role  in  the  ripening  of 
Emmenthaler  cheese.  Similarly  Boekhaut  and  de  Vries  (24)  have 
shown  that  chees(>  wjiich  docs  not  cdutain  the  lactic  acid  bacteria 
does  not  i-iiien.  On  (he  otlicr  hand  C'liodat  and  Hofman-Bang  (2.5) 
lire  of  (lie  opinion  (liat  (lie  importance  of  the  lactic  acid  bacteria  in 
tile  ripening  of  ciiei'se  lias  been  overestimated,  and  attribut(>  tlie 
greater  number  of  the  changes  occurring  in  this  process  to  another 
organism — namely,  tyrothrix. 

In  tliis  connection  it  is  interesting  to  note  that  Van  Slyke  (2()) 
found  1ha(  wli(>n  only  rennet  is  allowed  to  act  on  milk  no  cheese 
llavoi'  IS  dcA'cloped. 
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Abnormal  fermentationi^  of  milk. — Under  ordinary  circumstance^ 
milk  usually  undergoes  the  lactic  acid  fermentation.  It  turns  sour 
and  curdles  and  the  production  of  lactic  acid  puts  a  stop,  tempora- 
rily at  least,  to  all  other  bacterial  changes.  Hence  in  normal  milk- 
it  is  only  rarely  that  fermentation  other  than  souring  occurs.  Under 
certain  conditions,  however,  the  milk  becomes  infected  with  a  great 
variety  of  micro-organisms  and  various  changes  in  its  composition 
are  brought  about.  By  some  authorities  these  have  been  called 
abnormal  fermentations.  As  a  result  of  these  fermentations,  altera- 
tions take  place  in  the  color,  odor,  and  taste  of  the  milk,  and  in  some 
instances  highly  poisonous  substances  are  produced.  In  this  con- 
nection Burri  and  Dueggeli  (27)  have  recently  had  occasion  to  exam- 
ine four  samples  of  milk  in  which  such  alterations  had  occurred. 
According  to  these  authors  sample  (1)  had  the  peculiarly  disagree- 
able odor  of  LimbiU'ger  cheese,  sample  (2)  the  odor  of  dogs,  sample 
(3)  a  bitter  taste,  and  sample  (4)  the  odor  and  taste  of  Schabzieger 
cheese.  These  peculiar  odors  and  tastes  were  found  to  be  due  to 
specific  bacteria,  which  were  isolated  and  their  morphological  char- 
acteristics determined  by  these  authors. 

Blue  millx. — Under  certain  conditions  a  blue  pigment  may  develop 
in  milk  as  a  result  of  peculiar  changes  set  ujd  by  certain  micro-organ- 
isms. While  such  milk  is  apparently  harmless,  it  results  from  outside 
contamination  and  rarely  if  ever  occurs  in  well-kept  dairies.  In  one 
instance  its  production  has  been  traced  to  some  source  of  filth  or  un- 
cleanliness  and  in  some  instances  to  a  single  cow.  Its  occurrence  may 
be  prevented  bj'  the  adoption  of  cleanly  methods  and  in  case  it  has 
been  traced  to  any  particular  cow  by  washing  the  cow's  teats  with  a 
little  weak  acetic  acid.  It  is  of  interest  to  note  that  blue  milk  is  the 
first  dairy  infection  definitely  traced  to  bacteria.  As  early  as  1841 
Fuchs  (28)  traced  the  production  of  blue  milk  to  the  growth  of  a 
micro-organism.  By  using  Koch's  gelatin  method  Hueppe  and  Eng- 
ling  (21))  succeeded  in  isolating  the  organism  wliich  produces  blue 
milk.  It  was  found  by  these  authors  to  produce  different  colors  when 
grown  on  different  media,  but  in  solutions  containing  ammonium 
lactate  it  was  always  found  to  produce  a  sky-blue  color.  Milk  in- 
fected with  this  organism  was  always  foimd  to  be  alkaline,  but  the 
blue  color  only  appears  when  the  milk  turns  sour,  as  the  result  of 
lactic-acid  fermentation,  or  when  acid  is  added  to  the  milk.  J.  Reiset 
(30)  observed  that  in  dairies  of  some- localities  a  blue  mold  forms  on 
the  surface  of  cow's  milk  which  has  been  allowed  to  stand.  It  has 
also  been  observed  on  the  milk  of  ewes  and  goats.  This  mold  was 
found  to  consist  of  mycelia  containing  immobile  bacteria.  The  mold 
was  found  to  grow  only  on  milk  having  a  distinctly  acid  reaction. 
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The  chemical  nature  of  the  bhie  pigment  was  not  determined.  The 
organism  ordinarily  responsible  for  the  production  of  blue  milk  is 
known  as  Bacilluf?  cyanogenes.  When  grown  in  fresh  milk  the  eil:'ect 
produced  by  this  organism  is  very  striking.  During  the  first  few 
hours  however  no  change  is  noticeable.  A  certain  amount  of  lactic 
acid  seems  to  be  necessary  for  the  formation  of  the  blue  substance 
resulting  from  the  growth  of  this  organism.  As  the  milk  turns  sour 
therefore  blue  jjatches  appear,  until  finally  these  may  be  distributed 
throughout  the  whole  of  the  milk,  in  such  cases  imparting  to  it  a  sky- 
blue  color.  Still  other  organisms  besides  B.  cyanogenes  seem  to  have 
the  power  of  producing  blue  substances  in  milk. 

Red  milk. — According  to  Conn  (31),  red  milk  is  by  no  means  un- 
common in  the  dairy.  Ordinarily,  however,  the  red  color  of  such 
milk  does  not  result  from  the  growth  of  bacteria,  but  is  due  to  the 
presence  of  blood  in  the  milk  resulting  from  injuries  to  the  udder. 
Sometimes  it  results  from  the  feeding  of  the  cow  on  j^lants  containing 
red  i^igment,  such  as  the  madder  plant,  etc.;  more  rarely  from  a 
peculiar  fermentation  induced  by  bacteria.  Among  the  organisms 
known  to  i:)roduce  this  change  in  milk  may  be  mentioned  Bacillus 
erythrogenes,  B.  prodigiosus,  and  a  sarcina.  The  production  of  red 
milk  through  the  agency  of  bacteria  is  without  practical  significance. 

Other  color  changes  in,  mill'. — Still  other  changes  have  been  found 
to  occur  in  milk  and  i^ractically  all  of  the  pigment- forming  bacteria 
will  develop  their  characteristic  pigments  in  milk  in  the  event  that 
they  gain  access  thereto.  According  to  Conn  (31)  orange-colored 
milk,  green  milk,  yellow  milk,  amber-colored  milk,  indigo  milk, 
chocolate-colored  milk,  and  black  milk  have  all  been  described  by 
bacteriologists.  In  all  cases  the  pigment  has  been  found  to  have 
Ijeen  produced  by  bacteria.  These  have  been  isolated  and  their  mor- 
jjhological  characteristics  determined.  Ordinarily  they  are  not  nor- 
mal infections,  and  hence  are  of  no  practical  importance  in  dairying. 

Slimy  or  ropy  milk. — Under  certain  conditions,  slimy,  mucilagin- 
ous substances  are  produced  in  milk  through  the  growth  of  certain 
organisms  which  imi)art  to  the  milk  a  characteristic  sliminess  or 
I'opiness.  Milk  possessing  such  properties  is  known  as  slimy  or  ropy 
milk.  It  often  can  be  drawn  out  into  long  threads  of  exceeding 
fineness.  For  example,  slimy  milk  has  been  obtained  of  such  vis- 
cosity that  it  could  be  drawn  out  into  threads  10  feet  in  length  and  , 
of  such  fineness  as  to  be  scarcely  visible.  In  certain  coinitries  slimy 
milk  is  esteemed  a  delicacy,  and  special  methods  have  been  de- 
vised for  its  preparation.  Such  is  the  case -in  Norway,  where  it  is 
called  l)y  the  natives  "  taetamoelk."  In  Holland  also  a  special  fer- 
1414— Bull.  .00—00 24 
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ment  is  employed  in  the  manufacture  of  Edam  cheese,  which  has  the 
power  of  rendering  the  milk  slimy.  The  cheese  made  from  such 
milk  is  said  to  ripen  more  rajjidlj'  and  more  evenly  than  cheese  made 
without  the  use  of  this  particular  organism.  This  peculiar  change 
in  the  consistency  of  milk  has  also  been  found  to  be  due  to  bacteria 
and  ordinarily,  as  it  occasionally  occurs  in  the  dairy,  is  a  source  of 
great  trouble  and  annoj'ance.  Many  bacteria  seem  to  have  the  power 
of  producing  a  slime  in  milk  under  suitable  conditions.  Ordinarily, 
however,  this  change  is  accomiDlished  by  one  or  two  bacteria  having 
a  wide  distribution  in  nature.  Of  these  B.  lactis  viscosus  (Adametz) 
seems  to  be  the  commonest  organism  of  the  kind  found  in  Europe, 
and  a  similar  organism,  probably  the  same  species,  occurs  in  this 
country.  It  is  a  very  hardy  organism,  and  finds  its  way  into  the 
milk  through  the  water  supply  of  the  dairy.  From  such  a  source  the 
infection  may  become  widely  diffused  and  difficult  to  trace.  How- 
ever, it  is  an  infection  which,  no  matter  how  troublesome,  can  be 
eradicated  through  cleanliness,  although  in  certain  instances  it  may 
be  necessary  to  resort  to  disinfectants.  Among  other  organisms  pro- 
ducing sliminess  in  milk  may  be  mentioned  Micrococcus  freuden- 
reichii  and  two  forms  of  streptococci,  one  the  source  of  the  slimy 
ferment  in  Holland,  the  latter  jjresent  on  the  leaves  of  Pinguicula, 
the  latter  being  employed  in  Korway  as  the  source  of  the  ferment ; 
and  as  j)ointed  out  by  Beyerinck  sliminess  in  milk  may  be  produced 
by  certain  of  the  lactic-acid  bacteria,  especially  by  those  growing  at 
low  temperatures.  Slimy  milk  also  results  from  a  diseased  condition 
of  tlie  mammary  gland  and  is  a  common  characteristic  of  garget. 
Nothing  is  known  of  the  cliemical  nature  of  the  substances  causing 
the  sliminess  of  milk. 

Bitter  milk. — Freshly  drawn  milk  has  sometimes  a  bitter  taste ;  in 
other  instances  it  acquires  such  a  taste  on  standing  a  few  hours. 
The  bitter  taste  of  freshly  drawn  milk  is  sometimes  due  to  the  passage 
of  bitter  substances  into  the  milk  from  the  food  of  the  cow,  such  as 
lupines.  It  may  also  be  produced  during  the  last  stages  of  lactation. 
In  those  cases  in  which  the  bitter  taste  develops  only  after  standing 
the  cause  thereof  is  to  be  sought  in  changes  in  the  compositicm  of  the 
milk  due  to  the  action  of  certain  organisms.  A  considerable  num- 
ber of  organisms  seem  to  possess  the  power  of  producing  a  bitter 
taste  in  milk;  some  of  them  after  a  short  interval,  others  only  after 
a  longer  one.  Only  the  former  arc  of  any  practical  significance  in 
the  dairy,  and  anu)ng  these  may  be  mentioned  a  micrococcus,  a  cut 
of  whicli  is  shown  by  Conn,  and  a  bacillus  described  by  AVeigmann, 
both  of  which  have  the  poM'er  of  ruining  the  taste  of  fresldy  drawn 
milk  in  a  few  hours.  The  source  of  these  organisms  is  difficult  to 
trace.  In  one  case  cited  by  Conn  the  organism  giving  rise  to  this 
abnormal   fermentation  was  traced  to  the  milk  ducts. of  a  single  cow. 
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According  to  Trillat  and  Sauton  (32),  bitter  milk  contains  alde- 
hydes and  ammonia,  and  results  from  the  simultaneous  inoculation 
id'  fresh  milk  with  a  yeast  producing  aldehydes,  and  an  anmionia-' 
forming  bacillus,  B.  Fliigge,  V. 

The  alhaVine  fermentation  of  milk. — It  has  been  observed  that 
lioiled  milk  never  turns  sour  by  spontaneous  fermentation.  On  the 
other  hand,  when  boiled  milk  is  allowed  to  stand  at  ordinary  tem- 
peratures it  gradually  acquires  an  alkaline  reaction,  ofttimes  a  hit- 
ler taste,  and  finally  curdles,  yielding  a  soft,  slimy  curd.  On  further 
-landing  this  curd  gradually  dissolves  to  form  a  somewhat  clear 
li(iuid,  and  if  the  fermentation  be  allowed  to  proceed  for  a  sufficient 
length  of  time  a  semitransparent  liquid  is  obtained,  having  no  resem- 
lihince  to  milk.  As  with  the  other  fermentations  of  milk,  a  number 
of  oi'ganisms  are  capable  of  causing  the  alkaline  fermentation  of  milk, 
and  a  considerable  number  of  substances  are  produced  as  the  result 
of  these  changes.  Among  the  substances  found  in  milk  which  has 
undergone  the  alkaline  fermentation  may  be  mentioned  the  peptones, 
which  are  believed  to  be  responsible  for  the  bitter  taste,  leucin,  tj-rosin, 
and  ammonia,  which  latter  imparts  to  the  liquid  the  characteristic 
alkaline  reaction.  Butyric  acid  is  also  formed  in  thi<  fermentation. 
This,  however,  is  at  once  neutralized  by  the  ammonia  present,  and 
exists  in  the  liquid  in  the  form  of  ammonium  butyrate. 

Alroholic  fermentation  of  mill-. — Among  the  abnormal  fermenta- 
tions of  milk  may  be  mentioned  the  alcoholic  fermentation,  which  is 
accomplished  by  certain  yeasts,  aided  in  their  action  by  certain 
species  of  bacteria.  ^Miile  the  alcoholic  fermentation  of  milk  is  ab- 
normal in  the  sense  that  it  never  occurs  in  milk  spontaneously,  but 
must  be  induced  by  direct  inoculation  with  certain  ferments,  it  is 
employed  in  the  production  of  certain  milk  beverages,  such  as  kou- 
miss and  kefir,  etc.,  which  in  certain  countries  are  highlj'  esteemed  as 
articles  of  diet,  and  have  in  recent  years  come  into  more  or  less  gen- 
eral use  as  food  for  invalids,  etc.  Koumiss,  originally  made  by  the 
alcoholic  fermentation  of  mare's  milk,  is  now  nuide  from  cow's  milk 
l>y  the  addition  of  eane  sugar  and  yeast.  The  first  action  of  the  fer- 
ments is  to  hydrolyze  the  polysaccharides  (cane  sugar  and  lactose), 
producing  the  simpler  sugars,  glucose,  levulose,  and  galactose,  all  of 
which  are  feiiiientable  by  yeast.  Two  changes  then  occur,  the  alco- 
liolic  fermentation,  resulting  in  the  production  of  alcohol  and  carbon 
dioxide,  and  the  ordinary  lactic  acid  fermentation,  resulting  in  the 
production  of  lactic  acid.  Kefir,  a  similar  beverage,  originating  in 
\\w.  (^aucasus,  is  also  made  from  milk  by  an  alcoholic  fermentation. 
The  fermentation  is  carried  out  in  leather  bottles,  and  is  started  i)v 
means  of  "  kefir  grains,"  concerning  whose  origin  but  little  is  known. 
During  the  fermentation  (lius  iiuhicod  a  coii'^idei'able  (piantity  of  the 
ferment  is  produced,  which  is  remoxcd  antl  drietl  in  tiic  sun.  and  thus 
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new  supplies  of  the  kefir  grains  obtained.    Struve  (33)  gives  the  fol- 
lowing proximate  chemical  analysis  of  kefir  grains  dried  at  100°  C. : 

Per  cent. 

Water 11.  2] 

Fat 3.99 

Soluble  peptoue-like  substances 10.  9S 

Proteids  soluble  in  ammonia 10.32 

Proteicls  soluble  in  caustic  potash 30.39 

Insoluble   residue 33. 11 


100.00 
The  whole  of  the  active  matter  of  the  ferment  was  contained  in 
the  insoluble  residue.  A  microscopic  examination  of  this  showed  it 
to  consist  of  a  mixture  of  yeast  cells  with  Bactenwn  dhpom  Cau- 
casica  (Kern).  In  a  few  specimens  leptothrix  and  oidium  lactis  were 
also  jjresent.  According  to  this  author,  the  yeast  cells,  which  have 
been  somewhat  modified  by  their  growth  in  leather  bottles,  are  alone 
responsible  for  the  peculiar  kefir  fermentation. 

According  to  Vieth  (34)  milk  sugar  ordinarily  does  not  readily 
undergo  alcoholic  fermentation  with  yeast.  With  kefir  gi-ains,  how- 
ever, a  rapid  alcoholic  and  lactic  fermentation  takes  place.  Accord- 
ing to  this  author  also  the  ferment  of  the  grains  consists  of  the 
Bacillus  dispora  Caucanca  (Kern)  and  a  modified  form  of  the  ordi- 
nary yeast,  Saecharomyces  cerevisim.  According  to  von  Freudenreich 
(35)  the  grains  contain  at  least  two  species  of  bacteria  and  one  species 
of  yeast,  which  acting  together  produce  the  kefir  fermentation.  The 
bacteria  effect  the  inversion  of  the  milk  sugar,  after  which  a  portion 
of  the  simpler  sugar  is  converted  into  alcohol  by  the  action  of  the 
yeast  and  another  portion  into  lactic  acid  by  the  further  action  of  the 
bacteria.    The  milk  is  curdled  during  this  fermentation. 

According  to  Martinand  (30)  milk  undergoes  alcoholic  fermenta- 
tion with  a  great  many  species  of  j^easts,  especially  if  glucose  and 
maltose  be  added,  and  coagulation  of  the  milk  occurs  under  these 
conditions  even  in  the  absence  of  acid. 

Paut  ir. —  (4h)    Milk  Poisoning — (iAlactotoxismi's. 

Of  all  foods  milk  is  probably  the  most  .subject  to  contamination 
and  change.  Of  the  various  forms  of  contamination  to  which  it  is 
liable  the  commonest  is,  as  we  have  ali-eady  seen,  that  which  results 
from  the  introduction  into  the  milk  of  lactic-acid-producing  bac- 
teria from  various  sources.  These  organisms  accomplish  those 
changes  which  are  familiar  to  us  in  the  ordinary  souring  of  milk. 
Wliile  according  to  Stoakley  (1)  buttermilk  is  sometimes  responsi- 
ble for  acute  milk  poisoning,  it  is  the  general  opinion  that  sour 
milk  but  rarely  gives  rise  to  troubles  of  this  character.  Indeed,  by 
a   number  of  medical   authorities  sour  milk   is  I'egarded   as  a   very 
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licalthful  beverage,  by  reason  of  the  fact  that  the  lactic-acid-pro- 
duciiig  bacteria  tend  by  their  growth  in  the 'intestine  to  lessen  intes- 
tinal putrefaction,  thereby  diminishing  the  tendency  to  autoin- 
toxications from  substances  resulting  from  the  growth  of  the  bac- 
terial flora  normally  present  in  the  intestine.  One  the  other  hand, 
it  not  infrequently  happens  that  fresh  milk  becomes  contaminated 
with  toxic  substances,  or  with  toxicogenic  bacteria,  in  which  event 
the  milk  may  give  rise  to  acute  intoxications.  The  subject  of  milk 
poisoning  has  been  chiefly  studied  by  Vaughan  and  his  associates, 
and  to  him  we  owe  the  term  Galactotoxismus.  In  spite  of  all  that 
has  been  done,  however,  the  subject  of  milk  poisoning  is  as  yet  but 
very  imperfectly  understood.  Chiefly  through  the  labors  of  Vaughan 
(2)  and  his  coworkers,  together  with  observations  by  Sonnenberger 
(3),  Le  Blanc  (4),  Baird  (5),  and  others,  it  is  now  known  that  milk 
may  acquire  poisonous  properties  and  become  dangerous  to  health 
in  essentially  five  distinct  ways: 

First.  It  may  absorb  metallic  poisons  from  metallic  vessels  in 
which  it  has  been  allowed  to  stand.  Attention  has  already  been 
called  to  the  fact  that  Golding  and  Feilmann  (6)  found  copper  in 
milk  which  had  stood  in  contact  with  a  broken  copper  coil.  In  this 
connection  Baird  (5)  attributed  an  outbreak  of  milk  poisoning  to 
the  preservation  of  milk  in  metal  vessels,  and  pointed  out  that  the 
substitution  of  earthenware  vessels  brought  about  a  cessation  of  the 
trouble.  Sonnenberger  (3)  has  also  observed  that  milk  allowed  to 
sour  in  vessels  of  copper,  zinc,  etc.,  is  apt  to  contain  soluble,  poisonous 
salts  of  these  metals. 

Second.  Through  the  elimination  of  j^oisonous  drugs  from  the 
mother  through  the  milk.  As  Sonnenberger  (3)  has  pointed  out, 
many  drugs  administered  by  the  mouth  apjjear  in  large  quantitj^  in 
the  milk.  Among  such  he  cites  ether,  arsenic,  alcohol,  lead,  col- 
cliicum,  euphorbin,  iodine,  morphine,  salicylic  acid,  hemlock,  mercury, 
turpentine,  antimony,  veratrine,  and  a  great  variety  of  salts.  He 
calls  attention  to  the  fact  that  all  such  milks  are  dangerous  to  cliildren 
and  young  animals,  and  recommends  that  milk  from  cows  receiving 
active  drugs  siiould  not  be  allowed  to  be  sold. 

The  excretion  of  diMigs  in  the  milk  of  nursing  women  has  recently 
Ix'en  made  the  subject  of  an  exhaustive  investigation  by  Bucura  (7). 
.Vccording  to  this  author,  the  ruimber  of  drugs  which  have  been  found 
in  lunnan  milk  with  certainty,  following  tli(>ir  administration  to  the 
mother,  are  very  few.  lie  himself  investigated  the  excretion  of 
forty  of  llie  drugs  most  commonly  used  on  women  during  and  after 
chiidbirlh,  and  of  these  he  found  that  only  five  or  six  could  be  recog- 
nized in  the  milk  witli  certainty.  These  were  aspirin,  iodine,  calomel 
(when  taken  iii'ernally),  arsenious  acid,  potassium  bromide,  and 
probably  also  nroti()i)in.     From  his  own  work  and  tliat  of  others,  he 
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gives  the  following  list  of  drugs  as  having  been  found  with  certaint_v 
after  their  administratio"n  to  the  nursing  mother:  Iodine  (following 
the  external  application  of  tincture  of  iodine  or  iodoform  and  the 
internal  administration  of  iodides  and  iodothyrine),  salicylic  acid 
and  salicylates,  ether,  mercury  (following  the  use  of  mercury  sup- 
positories or  after  the  interal  administration  of  calomel ),anti25yrine, 
aspirin,  arsenic,  and  bromides.  A  complete  bibliography  of  the  sub- 
ject of  the  excretion  of  drugs  in  milk  is  given  at  the  end  of  Bucura's 
article. 

More  recently  Van  Itallie  (23)  has  found  that  after  the  injection 
of  pilocarpine,  physostigmine,  morphine,  arsenious  acid,  fluorescein, 
phenolphthalein  and  other  drugs,  tests  for  their  presence  in  the  milk 
were  negative,  while  a  trace  of  arsenic  was  found  following  the 
administration  of  Fowler's  solution.  Eeijst-Scheffer  (24:)  fed  sodium 
iodide  in  solution  to  cows  and  detei'mined  the  amount  of  iodine  in 
the  milk  colorimetrically,  with  the  following  results:  Iodine  in  the 
whole  milk,  0.001T8  to  0.00372  per  cent;  in  the  casein,  0.00012  to 
0.00008  per  cent;  in  the  urine,  0.03  to  0.08  per  cent.  The  milk  fat 
contained  no  iodine. 

Third.  Through  the  elimination  in  the  milk  of  poisonous  sub- 
stances contained  in  the  food  of  cattle,  especially  the  vegetable 
poisons  of  certain  weeds  which  compose  part  of  the  diet  of  milch 
cows  in  many  localities.  According  to  Sonnenberger  (ibid.)  dele- 
terious cattle  feed  is  very  common.  Clover  fields  around  Worms 
(Germany),  for  example,  have  been  found  to  contain  30  to  40  species 
of  more  or  less  poisonous  plants,  15  of  which  are  very  poisonous. 
According  to  this  author,  these  poisons  pass  into  the  milk  if  such 
plilnts  are  eaten  by  the  cows;  and  these  poisonous  substances  are 
not  destroyed  by  boiling  the  milk.  He  found  in  harmony  with  these 
ideas  that  the  season  for  infantile  diarrheas  around  Worms  corre- 
sponds not  wiUi  the  hot  season,  but  with  the  season  most  favorable 
to  the  growth  of  weeds,  viz,  a  cold,  wet  summer.  According  to 
Sonnenberger,  the  feeding  of  milch  cows  with  vegetable  refuse,  such 
as  potato  tops,  rotten  apples,  moldy  hay,  etc.,  tends  also  to  poison 
the  milk. 

Fourth.  It  has  been  domonstratcd  tliat  milk  may  acquire  toxic 
properties  as  a  result  of  a  diseased  condition  of  the  mother.  Accord- 
ing to  Michelazzi  (See  Le  Blanc  (4)  ),  the  milk  of  a  tuberculous 
animal  contains  a  tuberculous  j)oison,  which  is  not  entirely  destroyed 
by  heating  to  100°  C,  and  that  the  milk  of  such  animal,  when  steri- 
lized at  100"  C,  causes  a  slow,  chronic  intoxication,  and  that  the 
milk  of  a  tuberculous  mother  is  toxic  to  the  children.  Lc  I?lanc  has 
pointed  out  that  the  niillv  of  cows  in  heat  {f^s  vaches  finirclicves) 
has  a  strong,  cheesy  snicli,  and  a  sally,  bitter  taste.  It  alters  rapidly 
even  when  kept  in  sterile  tubes,  and  causes  gastro-intestinal  disturb- 
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.inces  in  j'Oung  animals.  The  toxic  effect  of  the  milk  and  milk  prod- 
ucts of  "  nymphomanous  "  cows  is  even  more  marked. 

Lawrence  (reference  79,  Part  I)  has  also  recently  observed  the 
passage  of  typhoid  bacilli  into  the  milk  of  a  nursing  woman  ill  with 
(yphoid  fever. 

Fifth.  As  shown  by  Vaughan  and  others  (2),  highly  toxic  sub- 
stances are  produced  in  milk  by  bacteria.  The  earlier  investigations 
on  the  subject  of  bacterial  poisons  in  milk  and  milk  products  were 
confined  almost  entirely  to  poisonous  cheese,  tlie  poisonous  properties 
of  which  were  formerly  ascribed  to  various  fatty  acids.  In  1852, 
however,  Schlossberger  (see  Vaughan  &  Novy,  ibid.),  from  experi- 
ments with  pure  fatty  acids,  demonstrated  that  these  substances  are 
not  sufficiently  toxic  to  account  for  the  highly  toxic  nature  of  poison- 
ous cheese.  In  1883  and  1884  an  ejiidemic  of  cheese  poisoning 
occurred  in  Michigan,  which  led  Vaughan  and  his  students  to  an 
exhaustive  investigation  of  the  subject.  The  outcome  of  these  studies 
was  the  isolation  from  poisonous  cheese,  in  1884,  of  a  crystalline 
substance,  to  which  Vaughan  gave  the  name  of  tyrotoxicon,  and 
which  was  believed  by  him  to  be  a  diazo  derivative  of  benzene. 
Chemically  it  was  found  to  be  very  unstable,  its  aciueous  solution 
decomposing  when  heated  to  90°  C.  Tyrotoxicon  has  .since  been 
isolated,  in  many  instances,  from  poisonous  cheese  by  other  investi- 
gators. It  has  also  been  detected  in  poisonous  milk.  In  1886  New- 
ton and  Wallace  (8)  found  the  poison  in  a  milk  supply  at  Long 
Branch  which  had  seriously  affected  a  nvmiber  of  persons.  In  1887 
Firth  (9),  an  English  army  surgeon,  isolated  it  from  the  milk  which 
had  poisoned  the  soldiers  of  a  garrison  in  India  where  he  was  sta- 
tioned, and  in  the  same  year  Vaughan  (10)  investigated  a  number 
of  cases  of  violent  milk  poisoning  occurring  at  Milan,  three  of  which 
liad  resulted  fatally.  Fresh  milk,  inoculated  with  the  vomit,  stomacli 
contents,  or  an  aqueous  extract  of  the  intestines,  gave,  after  standing 
twenty-four  hours  at  25°-30°  C,  a  sufficient  amount  of  tyrotoxicon 
to  enable  these  investigators  to  recognize  nitrogen  and  phenol  among 
llie  products  of  its  decomposition,  the  latter  being  rec;ognized  by 
precipitation  with  bromine  water  and  by  other  well-known  tests.  In 
these  cases  the  coroner's  jury,  before  whom  this  evidence  was  submitted, 
rendered  a  verdict  of  death  from  poisoning  by  tyrotoxicon.  Camnum 
(11)  reported  23  cases  of  milk  poisoning  attributed  to  tyrotoxicon, 
and  Kinnicutt  (12)  isolated  the  jjoison  from  milk  which  had  stood 
in  unclean  vessels  for  some  time.  Vaughan  and  Novy  (13)  and 
others  found  tyrotoxicon  in  poisonous  ice  ci-eam,  and  still  others  have 
obtained  it  from  custards  and  other  desserts  prepared  from  milk 
or  cream.  Indeed  it  would  appeal-  fr'om  these  investigations  that 
any  foodstuff  prepared  from  milk  is  lial)le  to  contain  this  jioison. 
In  his  later  writings  on  the  subject,  however,  Vaughan   (14)  takes 
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the  view  that  tyrotoxioon  is  not  the  only  poison  in  poisonous  cheese 
and  milk  products.  According  to  this  author  it  is  probably  not  pres- 
ent in  all  specimens  of  poisonous  cheese,  and  it  is  probably  not  the 
most  important  poison  of  poisonous  cheese.  Others  are  also  of  this 
opinion.  For  example,  Dokkum  (15)  by  the  methods  used  by 
A^aughan  in  the  isolation  of  tyrotoxicon  obtained  from  poisonous 
cheese  a  substance  similar  to  curare  in  its  action,  five  milligrammes 
of  which  killed  frogs  in  thiity  minutes.  For  this  poison  this  author 
proposed  the  name  tyrotoxin  to  distinguish  it  from  tyrotoxicon. 
Nothing  is  known  regarding  its  chemical  composition.  Lej^ierre  (16) 
isolated  a  base  having  the  composition  CigHogXoO^  from  poisonous 
cheese,  which  caused  diarrhea  in  animals  when  administered  by  the 
mouth.  During  the  course  of  their  own  investigations,  Vaughan 
and  Xovy  (17)  were  unable  to  detect  tyrotoxicon  in  certain  samples 
of  cheese  known  to  have  produced  poisoning.  From  some  of  these 
samples  they  obtained  a  poisonous  albumin.  It  gave  the  biuret  test. 
It  was  found  not  to  be  a  globulin  nor  a  peptone.  On  the  other  hand, 
certain  bacteria  obtained  fi'om  poisonous  milk  and  cheese  developed 
on  culture  media  jjoisons  which,  according  to  Yaughan.  are  probably 
related  to  neurin. 

It  has  also  been  shown  that  milk  and  milk  products  may  also  con- 
tain a  large  number  of  bacteria  each  of  which  produces  its  peculiar 
toxin  (18).  This,  according  to  Novy  (19),  is  especially  the  case  with 
the  Enteritidis  group  of  bacteria,  which  by  their  growth  do  not 
curdle  the  milk,  but  render  it  somewhat  transparent.  According  to 
Vaughan,  the  summer  diarrheas  of  childi-en  are  not  due  in  all  cases 
to  a  specific  micro-organism,  but  to  the  jjoisons  elaborated  in  milk 
by  many  different  bacteria.  Such  diseases  are  found  almost  exclu- 
sively among  children  that  are  artificially  fed,  and  they  occur  chiefly 
in  the  hot  weather,  for  the  reason  that  a  high  temperature  is  essential 
to  the  growth  and  wide  distribution  of  these  toxicogenic  organisms. 
To  Fhu'gge  (20)  we  are  indebted  for  some  of  the  most  valuable  con- 
tributions to  our  knowledge  of  the  toxicogenic  bacteria  of  milk, 
especially  the  peptonizing  bacteria.  By  this  author  12  such  species 
were  isolated  and  studied.  Of  these,  3  species  were  found  to  develop 
poisonous  substances.  Cultures  of  No.  1  in  subcutaneous  doses  of 
0.5  cubic  centimeter  were  found  to  kill  mice.  Wien  milk  containing 
this  organism  was  fed  to  dogs  similar  disturbances  set  in  in  about 
one  hour.  Milk  cultures  of  bacillus  No.  3  produced  diarrhea  in 
])uj)pies.  followed  in  one  case  by  death  on  the  third  day.  The  fil- 
tered culture  of  bacillus  No.  7,  after  concentration  to  one-fifth  of  its 
original  volume,  caused  death  in  mice  and  guinea  pigs  in  six  to  twelve 
hours,  and  even  the  unconcentrated  milk  culture  of  this  organism 
acted  powerfully  when  fed  to  puppies.  In  market  milk  Fluegge  fre- 
quently   found   these   poisonous   peptonizing  bacteria    in    practically 
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pure  culture.  The  investigation  of  the  jjeptonizing  Iwcteria  of  millc 
has  been  continued  by  Lucbbert  and  also  by  Vaughan.  According 
to  Luebbert  (21),  these  organisms  are  widely  distributed.  They 
have  been  found  to  act  only  on  the  proteids  of  the  milk,  the  fat  and 
milk  sugar  contained  in  the  milk  remaining  undiminished.  He  also 
found  the  milk  cultures  of  these  organisms  to  be  highly  toxic.  When 
fed  on  such  milk,  guinea  pigs  died  after  four  days,  and  puppies  after 
the  fourth,  fifth,  and  sixth  day,  following  severe  diarrheas.  On  the 
other  hand,  a  full-grown  dog  ate  of  the  milk  freely  without  any  bad 
effect,  thus  showing  that  age  affords  some  protection  against  milk 
poisoning.  Luebbert's  results  on  the  toxicogenic  peptonizing  bac- 
teria of  milk  have  been  confirmed  by  Vaughan  (22).  According  to 
this  author  the  organisms  responsible  for  cholera  infantum  are  truly 
pathogenic  in  that  they  produce  a  definite  chemical  poison,  the  ab- 
sorption of  which  is  followed  by  the  symptoms  of  the  disease,  and 
in  order  to  explain  the  great  susceptibility  of  infants  to  milk  poison- 
ing and  the  comparative  immunity  of  the  adult  he  has  advanced  the- 
view  that  the  great  susceptibility  of  children  to  such  intoxications 
is  due  to  the  ease  and  readiness  with  which  casein  is  absorbed  by 
the  mucous  membrane  of  the  intestine  of  children,  and  that  the 
casein  carries  along  with  it  the  bacterial  cells  containing  this  poison. 
In  the  adult,  on  the  other  hand,  the  digestive  powers  of  the  stomach 
are  increased  and  intestinal  absorption  modified  to  a  corresponding 
degree.  At  present  practically  nothing  is  known  regarding  the  pre- 
cise chemical  nature  of  these  bacterial  poisons,  and,  as  already  pointed 
out  by  Novy  (19),  investigations  pertaining  to  a  more  exact  study  of 
the  toxicogenic  micro-organisms  of  milk  and  their  poisonous  products 
belong  to  the  future  of  medical  and  chemical  research.  I  have  been 
informed  by  Doctor  Vaughan  that  nothing  of  any  practical  impor- 
tance has  been  added  to  our  knowledge  of  the  milk  poisons  during 
the  last  few  years. 

PART    III.— CHEMICAL    STANDARDS    FOR    THE    CONTROL    OF    THE 
SALE  OF  MILK. 

For  a  number  of  years  the  sale  of  milk  in  various  cities  throughout 
the  world  has  been  regulated  by  law  and  various  chemical  standards 
regulating  the  sale  of  milk  have  been  proposed,  based  on  the  results 
of  large!  numbers  of  analyses  of  milk  in  various  countries.  I  am 
indebted  to  L.  A.  Rogers,  Acting  Chief  of  the  Dairy  Division,  Bureau 
of  Animal  Industry,  U.  H.  De])artment  of  Agriculture,  for  the  fol- 
lowing compilation  of  United  States  and  State  standards  for  milk 
and  dairy  products.  Tt  will  be  observed  that  this  compilation  was 
])iiblislicd  in  liiO."). 
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(U.  S.   Dppartment  of  Agriculture,  Bureau  of  Animal   Industry — Circular  No.  74.     D.  E. 
Salmon,  D.  V.  M.,  Thief  of  Bureau.] 

.    Washington,  D.  C,  April  1,  1905. 
In  the  table  following,  prepared  under  the  supervision  of  Kd.  H.  Webster, 
Chief  of  the  Dairy  Division,  are  given  the  standards  for  dairy  products  as  pro- 
claimed  by   the   Secretary   of  Agriculture  and  as  established   by  law  in  the 
several  States,  so  far  as  obtainable,  and  revised  to  date. 

The  percentages  stated  represent  miniumum  standards  in  all  cases  unless 
otherwi.se  expressed.  States  not  named  are  understood  to  have  no  laws  pre- 
scribing standards  for  dairy  products. 

I).  E.  Salmon, 
Approved:  Chief  nf  Hurcini  nf  Aitinml  Industry. 

James  Wilson, 

Secretary  tif  Agriculture, 

United  State)<  and  State  standards  for  dairy  products,  lil05. 


states. 

Milk. 

Skim 
milk. 

Cream. 

Butter. 

Cheese. 

Total 
solids. 

.Solids, 
not  fat. 

Fat. 

Total 
solids. 

Fat. 

Fat. 

Fat. 

United  States  ab 

Per  cent. 
12 

Per  ct. 
8.5 

Perct. 
3.26 

Perct. 
9.25 

Perct. 
18 

(0 

Per  cent. 
82.8 

Full  cream,  50  p.  c.  of  the 

total  solids  to  be  fat. 
Full  cream,  30  p.  c.  fat; 

half   skim,   15  p.   c; 

skim  from  skim  milk. 

Fancy  excepted. 
Full  cream,  35  p.  c.  total 

solids  to  be  fat;  skim, 

fat  less  than  35  p.  c.  of 

total  solids. 

9 

.  8.5 
8 

3.5 

3.5 
2.5 
S 

3 
3 

9.3 

20 

83 

Not  over 

12  p.  c. 

water  or 

Sp.c.salt 

18 

82.5 

80 

80 
Maxi- 
mum 
water, 
15  p.  c; 
salt,6p.c. 

Full  cream,  30  p.  c.  fat 
(fancyexcepted;sldm, 
less  than  30  p.  c.  fat; 
less  than  15  p.  c.,  sale 
prohibited. 

Whole  milk, 48  p.c.  total 
solids  to  be  fat. 

Illiunisd 

«15 

9 

p.  c. 

n  Soc  procliuTiiif  ion  of  the  Sccrclnrv  of  .VRrlculturo.  "Standards  of  I'urilv  of  Food 
I'riiflvicl.H."  Ollii-c  iif  fhc  Sccrcliirv.  Clrciilar  No.  1(1,  November  liO,  mo.'i. 

'■  I'uiidcu.-i.Ml  milk,  -js  |„.|-  ci'ni'mllk  siillils.  of  which  ono-fourlh  must  be  fat. 

'■  rrctiin  (-(UilJiltnii^'  tliicki'iii-r  musi   he  labeled. 

"  Condensid  milk  musi  contain  mil  less  tlian  8.5  per  cent  fat;  evaporated  cream  con- 
nilulni;  less  than  \Tt  per  cent  fat  must  be  Inbeled  "An  unsweetened  condensed  milk." 

"Coffee  cream  shall  contain  at  least  IC  per  cent  fat,  and  whipping  cream  at  least  22 
per  cent  fat. 
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Milk. 

Skim 
milk. 

Cream. 

Butter. 

Cheese. 

Total 
solids. 

Solids, 
not  fat. 

Fat. 

Total 
solids. 

Fat. 

Fat. 

Fat. 

Per  cent, 
12.5 
12 
12 
12.6 
13 
12 
12.5 

Per  ct. 

9.3 
9 

Per  ct. 
3 
3 
3 

3.5 
3.7 
3 
3 

Pit  ct. 

Per  ct. 
15 
15 

Per  cent. 

.SO 

Skim.lessthaulOp.c.  fat. 

Mar  land  a 

Mas^chusetts 

9.3 

April-September 

1 

g 

1.029-33 
13 

3.5 

1.032-37 

6  20 

Maxi- 
mum 
water, 
16  p.  e. 

Full  cream,  45  p.  c.  total 

solids  to  be  fat;  .skim, 
fat  less  than  45  p.  c.  of 
total  solids. 
Full  cream,  from  3  p.  c. 

11.5 

3 
3 

3.5 
3 

15 
15 

milk  fat;   skim,  from 
milk  less  thanS  p.c.fat. 

New  Hampshire 

April-September 

13 
12 
12 
12 
12 

9.5 

9 

8.5 
9 

3 

3.25 

3 
3 

3 
S 

.Skim,  from  skim  milk. 

North  Carolina^ 

18 
15 

.S2.5 

Full  cream,  50  p.  c.  total 
solids  to  be  fat;  skim, 
from  skim  milk;  cream 
cheese.milk  6p.  c.  min- 
imum fat. 

80 

Not  over 
14  p.  c. 
water. 

May-June 

Oregon 

11.5 

12 

12 

9 

Sp.grav. 

1.0S8 

20 

skim,  less  than  30  p.  c. 
tat. 
Full  cream,  30  p.  c.  fat; 
half  skim,  15  to  30  p.  c; 
quarter  skim,  7i  to  15 
p.  c;  skim,  less  than  7J 
p.  c.    Fancy  excepted. 

three-fourthscream,  24 
p.    c.    fat;      one-half 
cream,  16  p. c.  fat;  one- 
fourth  cream,  8  p.  c 
fat;  skim,  below  8  p.  c. 
fat.    I'ancy,  less  than 
.■i  pounds,  excepted. 

"  Condenspd  milk  must  contain  the  cqulvniont  of  12..'i  per  conl  of  nillli 
iMlIk  of  which  I!..")  per  cent  shall  be  fats. 

'■  No  Ihlckcncr  iillowi-d, 

'■  In  .Niw  York,  Ohio,  and  Wyoming  Ihc  milk  solids  of  condensed 
titv  the  i'(|i]lvalinl  of  \2  per  cent  of  milk  solids  in  iTude  milk,  of  w 
shall  he  fMl. 

■'  Ciiiicli-nsiwI  milk  must  ciiiliiln  'JK  [..■r  cenl  milk  solids  and  7  per 


ill  ills  In  crude 


milk  must  be  In  qunn- 
hlch  solids  2.5  per  cent 
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suites. 

Milk. 

Skim 
milk. 

Total 
solids. 

Cream. 

Butter. 

Cheese. 

Total 
solids. 

Solids, 
not  fat. 

Fat. 

Fat. 

Fat. 

Fat. 

Per  cent. 
12 

12 

Pcrct. 
8.5 

Perct. 

2.5 

3 

3 

3 

Per  ct. 

Per  ct. 

Per  cent. 
80 
Maxi- 
mum 
water,  16 
p.c.;salt, 
6  p.  c. 

Full  cream,  30  p.  c.  fat; 
one-halt  skim,  15  p.  o. 
fat;  skim,  10  p.  c 



South  Carolina 

IS 
20 

tTtah  



12.5    

12.  .5         y.'A'i 

9  p.  c. 

solids, 
not  fat. 

total  solids  to  be  fat: 
skim,  fat  less  than  60 

p.C. 

diameter;    minimum 
height,  9  inches. 

Full  cream,  30  p.  c.  fat; 
skim,     15    p.    c.    fat. 
Fancy  excepted. 

12 

Washington 

8 

3 

3 
2.4 

18 

Wi.si-onsiii 

12       

80 

eter,  9  inches  height. 
Skim,lessthan20p.e.fat. 

11.5 

"  Condensed  milk  must  contain  28  per  cent  milk  solids  and  7  per  cent  fat. 

At  the  Eleventh  Annual  Convention  of  the  Association  of  State 
and  National  Food  and  Dairy  Departments,  held  at  Jamestown,  July 
15-19,  1907,  Mr.  P.  M.  Harwood  (1),  general  agent  Massachusetts 
dairy  bureau,  read  a  paper  entitled  "Has  the  milk  standard  outlived 
its  usefulness?  "  He  called  attention  to  the  fact  that  on  account  of 
the  rigid  requii-ements  regarding  the  composition  of  milk  offered  for 
sale  in  the  State  of  Massachusetts  a  good  many  milk  producers  arc 
In'ing  gradually  driven  from  the  business  for  the  reason  that  while 
milk  prices  are  gradually  becoming  higher  in  the  cities,  the  farmer  or 
milk  producer  doe.s  not  receive  a  proportionate  amount  of  the  i:)rofit 
accruing  from  the  increased  price  nor  an  amount  sufficient  to  com- 
pensate him  for  the  trouble  and  expense  growing  out  of  the  enforce- 
ment of  laws  regulating  the  milk  standard.  He  points  out  that  at  a 
recent  discu.ssion  of  the  question  of  (he  milk  .standard  before  (he  com- 
mittee on  agriculture  of  the  Massacliiiset(s  legisla(ure  many  in(erest- 
ing  facts  were  brought  out.  It  developed  at  (he.se  hearings  (hat  th(> 
standards  now  in  force — viz,  l'^  ]wr  cent  tolal  solivds,  3.7  i)er  cent  fat, 
and  9.1?  [jcr  cent  solids  not  I'at,  in  winter,  and  l\>  [ler  cent  total  soliilh, 
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'■\  per  cent  fat,  and  9  per  cent  solids  not  fat,  in  smnmer— are  working 
:i  hardship  on  the  farniei-s,  and  that  indirectly  they  are  not  protecting 
I  lie  consumer;  that  milk  contractors  and  jDcddlers  were  using  it  to  their 
pecuniary  advantage,  and  that  the  prosecuting  officers  throughout 
(he  State  were  not  rigidly  enforcing  the  law.  The  author  reached 
(he  conclusion,  therefore,  that  either  the  milk  standard  should  be 
aliolished  altogether  and  milk  sold  upon  its  merits,  or,  that  if  a 
s(andard  is  to  be  maintained,  it  should  be  uniform  throughout  the 
ignited  States.  On  account  of  the  very  large  amount  of  data  on  the 
iliemical  composition  of  milk  at  jDresent  available  in  State  and  munic- 
ijial  departments  and  agricultural  experiment  stations,  etc.,  such  a 
standard  could  probably  be  equitably  adjusted.  Indeed,  the  attempt 
has  been  made  to  do  so  in  establishing  the  United  States  milk  stand- 
;ird  governing  the  sale  of  milk  inider  the  laws  governing  interstate 
commerce.  This  standard  requires  a  milk  to  contain  3.25  per  cent  of 
fat  and  8.5  per  cent  solids  not  fat,  and,  as  maj'  be  seen  from  the  tables 
of  State  and  national  milk  standards  given  on  page  378,  it  is  lower 
than  many  of  the  State  standards.  According  to  the  secretary  of  the 
association  of  State  and  national  food  and  dairy  departments,  the 
United  States  standard  is  being  made  the  basis  of  standards  for  all 
the  States. 

Tn  this  connection  it  is  of  interest  to  note  that  certain  high-class 
dairies  throughout  the  country  are  prepared  to  furnish  uulk  of  any 
composition  desired,  and  infants'  milk  according  to  the  physician's 
prescription. 

PART  IV.— ADULTERATIONS  OF   MILK. 

Like  many  other  foodstuffs,  milk  is  subject  to  many  adulterations. 
These  consist  (1)  in  the  removal  of  the  cream  (skimming)  or  the  ad- 
dition of  skim  milk,  (2)  addition  of  water  (watering),  (3)  addition 
of  thickening  agents,  (4)  the  addition  of  coloring  matters,  (5)  the 
addition  of  certain  substances  with  the  view  of  altering  the  taste 
•  if  milk  and  increasing  the  total  solids,  (0)  the  addition  of  preserva- 
(ives  (antiseptics).  The  commonest  forms  of  adulteration  are  skim- 
ming, watering,  and  the  addition  of  artificial  coloring  matters  and 
I)reservatives,  the  addition  of  thickening  agents,  such  as  chalk, 
cah'cs'  brains,  starch,  glycerin,  etc.,  liaviug  almost  passed  out  of 
vogue  among  farmers  and  dairymen.  Indeed  it  is  doubtful  whether 
this  (3)  form  of  adulteration  was  ever  i)racticed  to  any  considerabh" 
extent  (see  Leach,  1). 

SIAniming. — This  form  of  milk  adulteration  is  probably  practiced 
among  farmers  and  dairymen  to  a  considerable  extent.  As  its  name 
indicates,  it  consists  in  the  removal,  by  means  of  a  separator  or 
otherwise,  of  a  part  of  the  cream.  Obviously,  skinmied  milk  con- 
(ains  a  suiailer  ]u'rcen(agc  of  iiiilli   I'm(  than  noiMual  milk,  and  i(  was 
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with  a  view  of  correcting  and  controlling  this  particular  xorm  of 
adulteration  and  watering  that  laws  have  been  enacted  in  many 
countries  and  in  many  States  throughout  our  own  counti-y  fixing  the 
amount  of  milk  fat  which  a  milk  olfered  for  sale  should  contain. 
It  will  be  seen  from  the  compilation  of  milk  standards  given  on 
page  378  that  the  amount  of  fat  required  in  different  States  varies 
from  2.4  to  3. .5  per  cent.  All  things  considered,  it  .seems  reasonable 
to  require  that  all  milk  offered  for  sale  should  contain  at  least  3.25 
per  cent  of  fat,  although  it  should  be  borne  in  mind,  of  course,  that 
unadulterated  milk,  esjjecially  of  certain  breeds  of  cattle,  sometimes 
contains  less  than  this  amount  of  milk  fat.  The  color  of  skimmed 
milk  is  also  more  or  less  characteristic,  tending  more  to  dead  white 
or  bluish  white  than  nornuil  milk,  which  is  distinctly  yellowish  white 
in  color. 

Watenng. — The  addition  of  water  to  milk  is  probably  the  com- 
monest practice  in  milk  adulteration.  Obviouslj',  this  is  done  in 
order  to  increase  the  output  of  the  dairy.  The  effect  of  watering  is 
to  alter  the  physical  properties  and  chemical  composition  to  a  greater 
or  less  degree,  depending  on  the  quantity  of  water  added.  The  addi- 
tion of  water  to  milk  has  been  found  to  lower  the  specific  gravity 
and  raise  the  freezing  point  of  milk.  It  also  lowers  the  index  of 
refraction  and  j^robably  the  viscosit}'.  It  causes  a  diminution  in  the 
amount  of  fat,  total  solids,  and  ash.  Ordinarily  it  is  not  a  difficult 
matter  to  detei-mine  whether  a  given  sample  of  milk  has  been  watered. 
This  is  done  by  comparing  its  specific  gravity  and  refractometer 
reading,  together  with  the  amounts  of  fat,  total  solids,  and  ash,  with 
those  of  normal  milk  or  with  standards  which  have  been  based  upon 
the  results  of  thousands  of  analyses  and  j'ears  of  experience  with 
the  milk  of  different  herds  of  dairy  cows  and  that  produced  in  differ- 
ent countries.  In  the  detection  of  watered  milk  advantage  is  also 
taken  of  the  fact  that,  natural  waters  frequently  contain  substances 
not  ordinarily  present  in  milk,  such  as  nitrates  and  nitrites.  If  these 
substances  are  found  in  a  samjile  of  milk  the  chances  are  that  water 
has  been  added  to  it.  It  has  been  proposed  by  Steinegger  (2)  to 
emjjloy  tlie  aldehyde  value  as  a  means  of  detecting  the  addition  of 
water  to  milk.  The  aldehyde  value  for  normal  milk  in  Soxhlet- 
Henkel  degrees  varies  between  r).S°  and  8.5°  and  is  lowered  by  the 
addition  of  water  to  milk,  but  not  by  the  removal  of  fats.  According 
to  Commanducci  (3)  (he  watering  and  skimming  of  milk  may  be 
determined  by  the  lowering  of  what  he  proposes  to  call  the  index 
of  oxidation  of  milk.  This  he  determines  by  means  of  tenth-normal 
potassium  permanganate  in  acid  solution.  The  number  of  cubic 
centimeteTs  of  potassium  permanganate  solution  required  to  oxidize 
1  cubic  centimeter  of  milk  is  what  this  author  calls  the  index  of 
oxidation.     'I"hi>  has  1 n  found  to  l)c  dillcrent  for  the  milk  of  differ- 
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ent  animals,  but  practically  coii.stant  for  the  normal  milk  of  any 
particular  animal  species.  He  gives  the  following  values  for  the 
index  of  oxidation  of  the  milk  of  the  following  animals : 

Cow 50-52  I  Ass 55-58 

Goat 44-16      Wouian 53-60 

Sheep -  43-48  I 

He  also  finds  that  the  value  of  the  index  of  oxidation  of  cow's 
milk  diminishes  with  the  amount  of  water  added,  and  also  with 
skimming.  Thus  the  index  of  oxidation  of  cow's  milk  containing  50 
per  cent  of  water  w^as  found  to  be  25,  and  that  of  skimmed  milk  40 
to  42. 

According  to  Atkins  (4),  determinations  of  the  freezing  point  and 
of  the  specific  gravit}'  of  milk  are  sufficient  to  show  whether  water 
has  been  added  or  fat  removed. 

The  addition  of  water  to  milk  is  not  only  a  fraudulent  practice 
and  one  which  as  such  should  be  condemned,  but  it  may  frequently 
be  a  serious  menace  to  the  public  health.  Atlee  (5)  has  pointed  out 
that  impure  water  is  one  of  the  most  frequent  sources  of  milk  pollu- 
tion. This  pollution  may  occur  either  through  the  use  of  impure 
water  for  purposes  of  adulteration  or  as  the  result  of  washing  the 
milk  containers  and  utensils  in  j^olluted  water.  As  is  well  known, 
milk  is  one  of  the  best  possible  culture  media  for  the  growth  of  micro- 
organisms, especially  for  many  of  the  pathogenic  bacteria.  It  is 
conceivable,  therefore,  indeed  it  is  a  well-known  fact,  that  the  intro- 
duction of  a  few  pathogenic  organisms  into  milk  through  the  addi- 
tion of  impure  water  will  under  certain  conditions  give  rise  to  a 
fluid  containing  countless  numbers  of  such  organisms.  In  this  way 
the  adulteration  of  milk  with  water  may  give  rise  to  a  widespread 
dissemination  of  various  infections,  especially  typhoid  fever,  diph- 
theria, scarlet  fever,  etc.  Aside  therefore  from  the  fraudulent  aspect 
of  the  practice,  the  adulteration  of  milk  with  water,  from  any  and 
every  source,  as  frequently  happens,  becomes  a  matter  of  serious  con- 
cern, and  of  all  fraudulent  and  uncleanly  practices  resortetl  to  in  the 
handling  and  sale  of  milk  this  and  the  uncleanly  methods  of  liandling 
milk  are  (he  two  which  should  be  most  vigorously  combated  and 
condemned. 

Tliickmhitj  (Kjcnts. — As  indicated  above,  tlic  adiillci'alion  of  niillv 
througli  tlie  use  of  thickening  agents,  such  as  clialk,  calves'  brains, 
glycerin,  etc.,  has  largely  passed  out  of  vogue.  Indeed  it  is  doubtful 
whether  any  of  these  substances  were  ever  used  to  any  considerable 
extent,  desi)ile  traditions  to  the  contrary.  According  to  Van  Slyke 
(fi)  gelatin  and  sucrate  of  lime  are  used  to  some  extent  lo  give  a 
greater  consistency  to  cream.  In  I  Ids  connection  Bal)Cock  and 
Uussell  have  recommended  tiie  u-e  (jf  sucrate  of  lime  for  restoring 
the   consistency   of   pasteurized    cn'Miu.     (See    Leacli    (1).    p.    I5G.) 
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Condensed  vnisweetened  skim  milk  has  also  been  employed  as  an  adul- 
terant, with  the  object  of  increasing  the  consistency  and  raising  the 
total  solids  of  a  skinnned  or  watered  milk. 

The  addition  of  fmhstances  tuith  the  view  of  altering  or  disguisii^g 
the  taste  of  milk  or  of  increasing  the  total  solids. — Milk  is  sometimes 
adulterated  by  the  addition  of  certain  substances  intended  to  alter  or 
disguise  the  taste  of  milk.  These  are  sodium  carbonate  and  bicar- 
bonate, cane  sugar,  and  saccharine.  Sodium  carbonate  and  bicarbon- 
ate are  sometimes  added  to  sour  milk  with  the  view  of  neutralizing  the 
lactic  acid  and  preventing  or  delaying  the  separation  of  the  curd. 
Cane  sugar  is  added  in  order  to  increase  the  amount  of  total  solids  in 
milk  impoverished  bj'  watering,  and  also  to  increase  the  sweet  taste 
and  thereby  disguise  any  slightly  sour  taste  which  old  milk  may  jdos- 
sess.  Saccharine  is  sometimes  added  to  milk  for  the  same  purpose. 
It  not  only  increases  the  sweet  taste  of  milk,  but  probably  also  acts 
as  a  mild  antiseptic.  While  all  of  these  substances  are  i^robably 
harmless  in  the  amounts  in  which  they  are  employed  in  milk  (cer- 
tainly the  addition  of  cane  sugar  can  ordinarily  do  no  particular 
harm),  the  practice  of  adding  these  substances  to  milk  is  to  be  con- 
demned, mainly  on  the  ground  that  they  are  rarely  used  except  to 
conceal  deficiencies  in  the  quality  of  the  milk  itself,  thereby  enabling 
the  dairyman  to  palm  off  on  the  consumer  milk  which  ordinarily 
would  not  be  found  acceptable. 

Coloring  ^natters. — Milk  is  sometimes  adulterated  by  the  use  of 
artificial  coloring  matters.  The  principal  object  to  be  accomplished 
by  the  use  of  these  colored  substances  is  to  conceal  other  forms  of 
adulteration,  such  as  skimming  and  watering,  and  to  make  the  milk 
ajjix'ar  richer  than  it  really  is.  It  has  been  pointed  out  in  the  fore- 
going that  skimming  and  watering  cause  an  alteration  of  the  color  of 
milk  as  compared  with  normal  milk.  Generally  milk  that  has  been 
skinnned  or  watered  is  more  whitish  in  color  than  milk  containing 
the  normal  quantity  of  cream.  In  order  to  conceal  these  deficiencies 
in  the  color  of  milk  so  adulterated  various  artificial  coloring  matters 
are  added  in  ordei'  to  bring  the  milk  up  to  the  color  of  normal  milk. 
Among  the  coloring  matters  w  hicli  liave  been  employed  for  this  pur- 
l)ose  are  annatto,  certain  of  the  yellow  and  orange-colored  azo  dyes, 
caramel,  etc.  (Generally  speaking,  the  adulteration  of  milk  with 
these  artificial  coloring  matters  is  in  itself  of  minor  importance,  in- 
asmuch as  the_v  are  used  in  very  small  quantities  and  the  coloring  mat- 
ters ordinarily  eni])loyed  in  the  arliflcial  coloring  of  milk  have  been 
found   to  be  harmless.     Tlie   fact,  however.  IliMt    they  are  employed 

mainly  with  a   view   of  concealing  olliei-  i e  (hingerous  adultei-a- 

tions,  such  as  the  addition  of  water  to  the  milk.  |)uts  tiie  addition  of 
artificial  coloring  matters  to  milk  in  the  class  of  dangerous  adultera- 
tions.     In    (his  connection    it    has  been    |ioin(<'d   out    by    Winton    (7) 
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that  in  the  examination  of  a  foodstuii'  for  artificial  colors  the  chemist 
ofttimes  encounters  the  difficulty  of  distinguishing  a  harmless  from 
a  poisonous  color.  As  a  rule  it  is  an  easy  matter  to  determine  when 
a  synthetic  color  is  present,  but  very  difficult  ofttimes  to  determine 
its  precise  nature.  Then  again,  as  pointed  out  by  Tolman  (8),  the 
coal-tar  colors  are  frequently  contaminated  with  powerful  mineral 
poisons,  such  as  arsenic,  copper,  tin,  lead,  and  zinc,  which  are  intro- 
duced as  impurities  in  the  process  of  manufacture.  It  has  been 
established  further  that  many  of  the  coal-tar  dyestuffs  are  poisonous 
and  that  still  others  not  very  actively  jjoisonous  are  nevertheless  suffi- 
ciently so  to  interfere  with  the  action  of  the  digestive  ferments. 
For  example,  Houghton  (9)  found  that  annatto  diminished  the  di- 
gestibility of  casein  and  egg  albumen  by  pepsin.  For  further 
information  regarding  the  toxicity  of  the  coal-tar  dyes  the  following 
authorities  should  be  consulted:  Weyl  (10),  Weber  (11),  Winogra- 
dow  (12),  Gudeman  (13),  Chlopin  (14),  and  Meyer  (15). 

Preseri'at'wes. — We  have  seen  that  milk  is  subject  to  many  changes, 
principally  those  resulting  from  the  life  and  growth  therein  of  micro- 
organisms. Indeed,  it  is  one  of  the  most  perishable  of  foodstuffs,  and 
it  is  only  by  exercising  the  most  scrupulous  cleanliness  in  the  handling 
of  it  and  by  keeping  it  at  low  temperatures,  generally  below  50°  F., 
that  it  can  be  preserved  a  sufficiently  long  time  to  be  delivered  to 
the  consumer  in  a  fresh  condition.  This  has  resulted  in  the  practice 
on  the  part  of  dairymen  of  adding  to  the  milk  small  amounts  of 
various  antiseptics  and  germicides,  which  are  supplied  to  the  trade 
under  the  general  name  of  milk  preservatives.  The  effect  of  such 
substances  is  to  destroy  or  at  least  hinder  the  growth  of  all  micro- 
organisms which  the  milk  may  contain,  and  thereby  retard  the 
souring  of  the  milk;  and  to  prevent  or  at  least  delay  the  lactic-acid 
fermentation  of  milk  is  the  principal  object  to  be  attained  through 
the  use  of  such  substances.  Among  the  various  substances  which 
have  been  employed  as  milk  preservatives  may  be  mentioned  the 
following : 

(Simmon  salt,  sodium  bicarbonate,  formaldehyde  (solutions  of 
which  are  supplied  to  the  dairyman  under  the  trade  name  of  "  Frcez- 
inc"),  borax  and  boric  acid  (solutions  of  the  latter  once  sold  under 
the  name  of  "Aseptine"),  salicylic  acid,  benzoic  acid,  hydrogen 
peroxide,  certain  fl\iorides,  potassium  dichromate,  etc.  Of  these 
substances  formaldehyde,  boric  acid  and  borax,  and  sodium  bicar- 
bonate have  probably  been  the  most  frequently  employed  as  milk 
preservatives.  In  certain  localities  in  Europe  the  addition  of  alkali 
chromates  to  milk  was  at  one  time  a  common  jjractice,  and  Budde 
(IG)  has  proposed  a  method  for  the  sterilization  of  milk  by  the  action 
of  hydrogen  peroxide  at  a  moderately  high  temperature,  viz,  52°  C. 
1414— Bull.  5(!— 09 25 
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It  is  doubtful,  however,  whether  the  method  ever  found  any  very 
extensive  application.  According  to  Leach  (17)  salicylic  and  benzoic 
acids  are  now  rarely  used  as  milk  preservatives.  Salicylic  acid 
in  quantities  sufficient  to  preserve  affects  the  taste  of  the  milk.  Rich- 
mond (18)  found  a  new  food  preservative  to  consist  of  acid  potas- 
sium fluoride,  KHF„. 

As  a  general  thing  these  substances  are  employed  only  in  small 
amounts,  and  at  present  there  is  considerable  difference  of  opinion 
as  to  what  effect  these  various  siibstances  in  the  small  amoiuits  usu- 
alh'  present  in  milk  and  other  foodstuff's  exert  upon  the  human  system. 
Thus,  according  to  Trillat  (19).  formaldehyde  renders  the  casein  of 
milk  more  or  less  indigestible,  and  a  further  objection  to  its  use  is 
that  part  of  it  remains  unaltered  in  the  various  foodstuffs  with  which 
it  is  admixed,  and  being  absorbed  as  such  by  the  system  may  act 
injuriously  on  the  digestion.  On  the  other  hand,  Rideal  and  Foul- 
erton  (20)  have  observed  that  formaldehyde  at  a  dilution  of  1:  50,000 
or  0.05  per  cent  of  boric  acid  and  borax  will  preserve  milk  twentj^- 
four  hours,  and  that  these  amounts  of  these  substances  have  no 
effect  on  the  peptic  and  pancreatic  enzymes,  while  this  quantity  of 
boric  acid  greatly  retards  the  diastatic  power  of  saliva,  the  formal- 
dehyde having  much  less  effect.  Experiments  with  kittens,  rabbits, 
and  guinea  pigs  proved,  according  to  these  observers,  that  the 
amount  of  formaldehyde  required  to  preserve  milk  has  no  effect  on 
their  proteid  metabolism.  Fish  were  not  affected  in  six  days  in  water 
containing  1  part  of  formaldehyde  in  50.000  parts  of  water,  and 
frogs  stood  a  concentration  of  1 :  20,000  without  injury  for  two  hours. 
The  conclusion  drawn  by  these  writers  from  their  investigation  is 
that  the  quantities  of  these  substances  necessary  to  preserve  milk 
twenty-four  hours  have  no  appreciable  effect  on  the  digestibility  of 
the  milk,  and  that  in  these  quantities  formic  aldehyde  and  boric  acid 
interfere  less  with  the  pancreatic  digestion  of  casein  than  tea,  claret, 
and  Worcester  sauce.  Formaldehyde,  1 :  50,000,  does  not  appear  to 
have  any  injurious  action  upon  animal  tissues,  or  on  niitrition.  Ou 
the  other  hand.  Otto  Ilelmer  (21)  has  crilicized  the  experiments  by 
Kideal  and  Foulerton  on  the  ground  that  they  were  not  properlj*  con- 
trolled, and  this  author  seems  inclined  to  believe  from  the  results 
obtained  that  these  substances,  in  the  quantities  enqiloyed,  were  in 
reality  injurious  to  the  animal  organism.  T.  M.  Price  (22),  working 
in  the  Biocli(>mic  Division  of  the  Bureau  of  Animal  Industry,  U.  S. 
Department  of  Agriculture,  has  made  a  valuable  contribution  to  this 
subject.  He  has  studied  the  effect  of  some  food  preservatives  on  the 
action  of  the  digestive  enzymes,  especially  the  effect  of  formaldehyde 
on  the  ])reservation  of  milk  and  tlie  effect  of  this  substance  on  the 
digestibility  of  the  milk  by  the  digestive  enzymes  in  vitro  and  in  the 
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stomach  of  the  calf.     The  following  are  the  more  important  conclu- 
sions which  he  has  drawn  from  these  investigations: 

(1)  Formaldehyde  in  the  proportion  of  1:20,000  preserves  the 
milk  for  forty-eight  hours. 

(2)  Formaldehyde  in  milk  in  the  proportion  of  1: 10,000  does  not 
interfere  with  the  digestion  of  the  milk  when  it  is  fed  to  calves. 

(3)  Upon  feeding  calves  thi'ough  a  long  period  with  milk  pre- 
served with  formaldehyde  the  calves  i-emained  healthy  and  gained 
in  weight. 

(4)  Formaldehyde  added  to  milk  in  the  proportion  of  1:2,500  or 
less  has  no  etfect  on  the  activity  of  the  fresh  enzymes,  I'ennet,  pepsin, 
pancreatin,  and  steapsin,  in  vitro. 

(5)  Formaldehyde  added  to  starch  in  the  proportion  of  1 :  2,500  or 
less  has  no  etfect  on  the  conversion  of  the  starch  into  sugar  by  the 
enzymes  ptyalin  and  aniylopsin,  in  vitro. 

(6)  Formaldelwde  added  to  milk  in  sufficient  quantity  to  preserve 
the  milk  for  fort3'-eight  hours — i.  e.,  1 :  20,000 — does  not  materially 
iiiterfei'e  with  the  action  of  the  enzyme  galactase,  in  vitro. 

(7)  Formaldehyde  added  to  milk  in  the  proportion  of  1:20,000 
prevents  the  development  of  the  more  common  bacteria  found  in 
milk  and  when  added  in  the  proportion  of  1 : 1,560  it  kills  these 
l)acteria. 

(8)  Formaldehyde  may  be  added  to  milk  in  sufficient  quantities 
to  preserve  the  milk  and  to  prevent  the  development  of  some  of  the 
more  common  bacteria — i.  e.,  1 :  10,000 — and  still  have  no  deleterious 
effect  on  the  digestibility  of  the  milk  for  calves. 

(9)  Formaldehyde  should  never  be  fed  to  calves  as  a  milk  prer- 
servative  stronger  than  1  part  of  formaldehyde  to  10,000  parts  of 
milk. 

According  to  Price  the  resuHs  obtained  by  the  majority  of  inves- 
tigators who  have  experimented  with  formaldehyde  are  of  no  value, 
inasnuich  as  at  least  the  nuijoi'ity  of  them  employed  formaldehyde 
solutions  varying  in  concentration  from  1  :  25  to  1  :  2,000,  these  quan- 
tities being  very  mucii  larger  tlian  the  (piantities  of  formaldehyde 
used  in  the  preservation  of  milk  in  ])raclice.  At  the  close  of  his  arti- 
cle Price  gives  the  following  bibliograj)hy  of  the  subject : 

(1)  .'^iilknwslii  n.  Iliihn,  I'fliigor's  Aicliiv.,  r.d.  I.l.X  ii.  I.XIII;  Moniczowski, 
ZcMtsclii-.  f.  iili.vsi(jl.  Cheni.,  15.  XX. 

(2)  15!il)Ci><-U  iURl  Russell,  Wis.  .\iin.  Kcpl.  Kx.  SImI..  \i>1.  .\IV.  ISilT,  |i.  ICI. 

(3)  SnyiltT.  Minn.  E.\.  Stilt.  Bull.  .\i>.  71. 

(4)  Babcock  iuul  Russell,  Wis.  Ann.  Rupt.  K\.  Stat.,  Vul  XV,  ISDS,  p.  77. 

(5)  Van  Slyke,  Rept.  N.  Y.  Ex.  Stat.,  Vol.  XX,  1901,  p.  10,'). 

(0)  Tioew.  Ann.  ARrononi.,  Vol.  XCVIII,  p.  41(5;  I'ottovin,  .Vnn.  do  I'Inst. 
I'liNlcur,  1S'.)7.  II.  W)7;  S.vinons,  .Tour.  Am.  riioni.  Soc.  Vol.  XIX.  1S97.  p.  724; 
Foulerton,  Laucel,  Vo\,  XI,  l.SO'J,  p.  157^;  Bliss  and  Xovy,  Jour.  K\.  Med.,  Vol. 
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IV,  1899,  p.  60;  Halliburton,  Brit.  Med.  Jour..  Vol.  XI,  1900.  p.  1;  Rldeal  and 
Foulerton.  Pub.  Health,  1S99,  p.  554. 

(7)  Cripp,  Analyst,  Vol.  XXII,  1S97,  p.  182;  Allen,  Lancet,  Vol.  I,  1S96,  p. 
1516:  Einger,  Jour,  of  Pbys..  1895,  p.  425:  Cbittenden,  Diet,  and  Hyg.  Gaz., 
1893,  p.  25 :  Mayberry  and  Goldsmith,  Chem.  Centralbl.,  189S,  p.  69 ;  Leffmann, 
Jour.  Franklin  Inst.,  1899,  p.  103:  Weber,  Jour.  Am.  Chem.  Soc,  1902,  p.  4; 
Chittenden  and  Gles,  Am.  Jour.  Phys.,  1898,  p.  1 ;  Tunnicliffe  and  Rosenheim, 
Jour.  Hyg.,  1901,  p.  168 :  Forstus,  ArcUiv.  of  Hyg.,  Vol.  XI,  1SS4,  p.  75 :  Liebreich, 
Vierteljahrssehr.  gericht.  Medizin,  1900,  p.  83. 

Reference  has  already  been  made  to  the  fact  that  Trillat  (19)  found 
that  formaldehyde  renders  the  casein  of  milk  more  or  less  indiges- 
tible. In  this  same  connection  Pottevin  (23)  has  observed  that  for- 
maldehj'de  retards  the  coagidation  of  milk  by  rennin.  Further 
experiments  along  this  line  have  been  made  by  Bliss  and  Novy  (24). 
These  authors  have  confirined  the  conclusions  of  Pottevin  regarding 
the  influence  of  formaldehyde  on  the  coagulation  of  milk  by  rennin 
and  have  found  that  under  tlie  influence  of  formaldehyde  the  casein- 
ogen  of  milk  is  rapidly  altered  in  such  a  way  that  either  the  rennin 
coagulation  takes  place  onh'  very  slowly  or  not  at  all.  Thus  if  for- 
maldehyde in  the  proj^ortion  of  1 :  500  be  allowed  to  act  on  milk  for 
a  few  hours  the  milk  is  not  coagulated  on  the  addition  of  rennin. 
On  the  other  hand,  they  observed  that  the  rennin  itself  is  not  readily 
destroyed  by  formaldehyde,  so  that  the  delay  or  hindrance  of  the 
rennin  coagulation  of  milk  by  formaldehyde  is  evidently  due  in  some 
way  to  an  alteration  in  the  composition  or  properties  of  the  casein- 
ogen.  Similar  experiments  on  the  action  of  formaldehyde  on  the 
digestive  ferments  have  been  made  by  Halliburton  (2.5) .  He  observed 
that  0.5  per  cent  of  formaldehyde  renders  gastric  digestion  almost 
impossible,  and  0.05  pei-  cent  delays  it  considerably.  With  0.1  per 
cent  formaldehyde  no  pancreatic  digestion  of  fibrin  occurs  in  twenty- 
four  hours,  and  dilute  solutions  of  the  aldehyde  delay  the  pancreatic 
digestion  of  starch.  He  also  confirms  the  deleterious  effects  exerted 
by  formaldehyde  on  the  rennin  coagulation  of  milk. 

Wiley  and  his  coworkers  have  also  studied  the  effect  of  formalde- 
hyde on  the  health  of  man.  The  results  of  this  investigation,  how- 
ever, have  not  yet  been  published. 

Concerning  tlie  toxic  effects  of  boric  acid  and  borax  there  is  also  the 
greatest  difference  of  opinion  among  tliose  who  have  made  a  study  of 
the  subject,  and  more  recent  investigations,  despite  their  exhau.stive 
character,  have  tended  by  no  means  to  reconcile  these  opposing 
views,  but  if  anything  to  accentuate  them.  For  example,  J.  Neu- 
mann (2(5)  found  that  only  very  large  doses  of  boric  acid  can  cause 
death  by  gaslrot>nteritis  or  from  its  effects  on  the  nervous  or  muscular 
systems.  He  therefore  reconnnended  it  for  the  preservation  of  milk. 
A('cording  to  Cyon  (27)  l)orax  diminishes  proteid  metabolism,  but  all 
lliat  can  lie  learned  fi'om  iiis  work  on  the  subject  is,  (hat  metabolism 
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and  assimilation  were  not  seriously  interfered  with  by  borax  in  the 
quantities  administered.  Gruber  (28),  on  the  other  hand,  found  that 
borax  increases  proteid  metabolism  and  concludes  that  borax  exerts 
no  unfavorable  influence  on  the  assimilation  of  food.  According  to 
this  author,  no  harmful  effect  followed  a  maximum  dose  of  20  grams. 
Forster  (29),  from  his  studies  on  the  applicability  (verwendbarkeit) 
of  boric  acid  as  a  food  preservative,  concludes  that,  while  boric  acid  is 
without  influence  on  proteid  metabolism,  the  continuous  administra- 
tion of  small  amounts  of  it  in  food  is  not  without  its  drawbacks  so  far 
as  the  health  of  the  individual  is  concerned,  and  that  its  use  as  a  milk 
preservative,  esijecially  in  milk  to  be  used  by  children,  should  be  con- 
demned. G.  T.  Welch  (30)  records  some  alarming  instances  of  i^oison- 
ing  following  the  local  application  of  large  amounts  of  boracic  acid; 
and  Chittenden  (31)  observed  that  while  borax  in  moderate  amounts 
exerts  no  inhibitory  action  on  the  peptic  and  tryptic  digestion  of  pro- 
teids,  in  larger  ijuantities  it  retards  the  proteolytic  activity  of  both  of 
these  digestive  fluids.  Later,  Chittenden  and  Gies  (32)  made  an 
exhaustive  study  of  the  action  of  borax  and  boric  acid  on  nutrition, 
with  especial  reference  to  their  effect  on  proteid  metabolism,  the 
experiments  being  made  upon  full-grown  dogs.  They  found  as  the 
result  of  these  studies  that  small  doses  of  boric  acid,  up  to  3  grams  per 
diem,  are  practically  without  effect  upon  the  proteid  metabolism  and 
the  general  nutrition  of  the  animals,  and  that  even  moderate  doses  of 
borax  are  practically  without  effect.  Large  closes  of  borax  tend  to 
retard  somewhat  the  assimilation  of  proteid  and  fatty  foods,  and  with 
very  large  doses  there  is  a  tendency  to  diarrhea  and  an  increased 
excretion  of  mucus.  Borax  and  boric  acid  in  very  large  amounts 
(equal  to  1.5  to  2  per  cent  of  the  food)  are  liable  to  produce  nausea 
and  vomiting.  Both  borax  and  boric  acid  are  quickly  eliminated 
from  the  body,  almost  entirely  through  the  urine,  and  in  none  of  the 
experiments  were  any  abnornuilities  in  the  urine  observed. 

Reference  has  already  been  made  to  the  work  of  Rideal  and  Fouler- 
ton  (20)  on  boric  acid  and  formaldehyde  as  milk  preservatives.  In 
this  connection  it  may  be  well  to  call  attention  again  to  their  conclu- 
sions. According  to  these  authors,  (1)  boric  acid,  1:2,000,  and 
formaldehyde,  1:50,000,  are  effective  preservatives  for  milk  for 
(wenty-foiir  hours;  (2)  in  these  quantities  these  substances  have  no 
appreciable  effect  on  digestion  or  on  the  digestibility  of  foods  thus 
])reserved.  On  the  other  hand,  according  to  F.  J.  Allen  (quoted  by 
Ilalliljurton  (26)),  borax  delays  or  prevents  the  rennin  coagulation 
of  milk.  An  excellent  resume  of  the  earlier  pharmacological  work 
on  boric  acid  and  borax  is  given  by  Liel)reich  (33).  We  gather  from 
the  data  which  are  there  presented  that  since  its  introduction  into 
medicine  in  the  seveiiteentli  and  eigliteenth  ccMituries  tliere  have  been 
occasional  at'cidents  and  deaths  from  boric-acid  poisoning.     In  these 
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instances,  which  were  comparatively  rare,  very  large  doses  of  boric 
acid  and  borax  were  employed,  and  in  certain  instances,  at  least,  the 
bad  results  reached  through  the  employment  of  these  substances  as 
drugs  could  be  explained  as  resulting  from  a  marked  idiosyncrasy  on 
the  part  of  the  patient,  and  in  certain  other  instances,  as  pointed  out 
by  Liebreich,  death  and  the  had  effects  following  the  use  of  these 
compounds  were  in  all  likelihood  traceable  to  other  causes.  Among 
those  who  have  observed  bad  effects  following  the  administration  of 
boric  acid  and  borax  may  be  mentioned  Gowers,  Evans,  Molodenkow, 
Lemoine,  Bruzelius,  Warfwinge,  Rasch,  G.  T.  Welch,  and  others. 
(See  Liebreich  (33).)  On  the  other  hand,  boric  acid  was  early 
recognized  as  a  mild  antiseptic,  and  was  recommended  in  surgery  as 
a  dressing  for  wounds  by  Lister,  Godlee,  and  others.  Particularly 
good  results  were  obtained  through  its  use  by  Cane,  so  that  to-day 
the  value  of  boric  acid  as  a  mild  antisei^tic  wash  and  dressing  jiowder 
is  fully  recognized  and  its  use  in  these  directions  is  extensive  and  far- 
reaching.  It  is  concerning  its  effects  on  the  system  when  taken  inter- 
nalh',  however,  ■  that  the  greatest  differences  of  opinion  prevail. 
Opposed  to  those  who  have  described  bad  effects  and  even  death 
following  the  administration  of  boric  acid  and  borax,  we  have  the 
testimony  of  other  medical  authorities  regarding  the  harmless  char- 
acter of  boric  acid  preparations.  Liebreich  (33)  cites  the  cases 
described  by  PoUi  in  Legendrc's  "  Traite  practique  d'Antiseptique 
ajoplique  a  la  Therapeutique  et  THygiene  "'  of  a  soldier  who  swallowed 
25  grams  of  boric  acid  without  bad  results.  Polli  cites  the  cases  of 
eight  persons  who  took  2  grams  of  boric  acid  in  milk  daily  for  forty- 
five  days  and  4  grams  daily. for  twenty-three  days  without  showing 
the  slightest  abnormal  symptoms.  Also  the  great  Virchow.  having 
observed  his  own  urine  to  be  abnormal,  kept  himself  on  an  alkaline 
regimen  for  three  months  by  the  use  of  large  doses  of  borax  followed 
in  the  morning  by  Carlsbad  water.  The  results  reached  are  best 
given  in  iiis  own  words:  "  Ich  fuhr  3  Monate  lang  mit  meinem  alka- 
lischen  Regime  fort,  und  bis  auf  den  heutigen  Tag  habe  ich  niemals 
weder  Eiter  abgesondert,  noch  Albumen,  noch  Cylinder  producirt; 
mein  Ilarn  ist  so  klar  wie  der  einer  Jungfrau."  Hinswanger  also 
conducted  a  series  of  tests  upon  himself  with  the  view  of  determining 
the  effect  of  boric  acid.  During  one  day  he  took  18  decigrams  with- 
out effect,  except  po.ssibly  to  increase  his  appetite.  Wlien  he  took 
two  doses  of  3.C54  grams  in  two  hours  vomiting  set  in,  and  when  he 
took  the  third  dose  later  in  the  same  day  he  again  vomited,  but  after 
two  hours  regaiucd  his  normal  condition,  (i.  T.  Welch  quotes 
Gaucher  to  the  effect  tliat  the  fatal  dose  of  boracic  acid  is  2.5  ounces, 
continued  for  at  least  ten  days.  On  (he  l)asis  of  these  observations 
and  also  certain  observations  on  hiinsclf  and  from  results  reached  in 
his  studv  of  the  effects  of  boric  acid  and  Ixinix  on  animals,  such  as 
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dogs,  rabbits,  guinea  pigs,  etc.,  Liebreich  (33)  enters  into  a  somewhat 
vigorous  defense  of  the  use  of  boric  acid  and  borax  as  food  i^reserva- 
tives.  It  is  his  oj^inion  that  much  of  the  opposition  to  the  use  of 
boracic  preparations  for  such  purposes  grows  out  of  prejudices 
handed  down  from  bygone  times,  and  he  calls  attention  to  the  fact 
that  in  this  connection  undue  stress  has  been  laid  upon  the  accidents 
resulting  froiji  the  use  of  boric  acid  in  surgery,  and  that  to  a  consider- 
able extent  the  opposition  to  tlie  use  of  boric  acid  and  borax  as  food 
preservatives  is  founded  upon  conclusions  drawn  from  imperfect 
experimental  researches.  To  him  the  critical  sjiirit  of  this  later-day 
investigation  of  such  subjects  as  food  preservatives  is  a  matter  of 
regret,  and  in  one  of  his  communications,  "  Ueber  Conservirung  durch 
Borsaeure "  (34),  he  inquires  somewhat  i^etulantly,  "Who  would 
have  made  the  introduction  of  pickled  meat,  smoked  beef,  and  such 
like  dependent  on  a  chemical  or  pharmacological  investigation?"  He 
emphasizes  the  fact  that  notwithstanding  that  borax  and  boric  acid 
have  been  in  use  as  food  preservatives  for  a  series  of  decades  not  a 
single  case  of  injury  to  health  has  been  observed.  Lebbin  (35)  failed 
also  to  discover  any  harmful  effect  from  eating  meat  preserved  with 
boric  acid,  and  hence  points  out  that  no  objection  can  be  urged  against 
its  use  as  a  preservative.  Tunnicliffe  and  Rosenheim  (30)  studied 
the  influence  of  boric  acid  and  borax  on  the  general  metabolism  of 
three  children,  and  arrived  at  the  conclusion  that  small  doses,  up  to 
1  gram  per  day,  continued  for  some  time,  exert  no  influence  on  the 
proteid  metabolism  in  healthy  or  delicate  children.  Both  boric  acid 
and  borax  were  quickly  eliminated  from  the  system,  and  neither 
substance  affected  the  general  health  or  well-being  of  the  children  in 
any  way. 

A  second  treatise  by  Liebreich  (37)  on  the  effect  of  boric  acid  and 
borax  on  the  human  system  appeared  in  1902,  the  object  of  which, 
according  to  the  author,  was  to  refute  certain  erroneous  and  insuffi- 
cient observations  likely  to  encourage  prejudices  against  the  use  of 
these  compounds.  He  criticises  the  observations  of  Robinson,  Kister, 
Hanford,  Rose,  Rost,  Rubner,  Mattern,  Heffte,  Le  Bon,  and  others, 
on  the  grounds  that  they  are  based  on  faulty  and  inaccurate  observa- 
tions; that  the  tests  and  observations  are  not  decisive,  that  in  certain 
instances  they  involve  contradictions;  that  the  boric  acid  and  borax 
were  not  administered  with  food,  but  were  taken  directly  into  the 
system,  and  that  in  certain  instances  the  real  cause  of  the  disturbance 
attributed  to  l)orax  and  boric  acid  was  in  all  probability  badly  pre- 
served meat;  aiul  by  way  of  further  confuting  the  results  reached  by 
other  observers  regarding  the  toxic  action  of  boric  acid  and  borax  he 
cites  (he  findings  of  TuinucliH'e  and  Rosenheim,  to  the  eti'ect  that 
children  increased  in  weight  on  a  diet  containing  borax  and  boracic 
acid.    Liebreich  is  of  the  oi)inion,  therefore,  that  practical  experience 
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justifies  tlie  use  of  boric  acid  and  borax  as  food  preservatives.  "Wiley, 
Bigelow,  and  others  (38),  as  the  result  of  their  study  of  the  effect  of 
boric  acid  and  borax  on  man,  liave  found  that  while  the  persons  under 
experiment  were  in  many  instances  made  temporarily  ill  by  the  quan- 
tities of  boric  acid  administered,  at  the  end  of  the  year,  after  the  final 
after  period,  they  appeared  to  be,  and  so  expressed  themselves,  in 
better  physical  condition  than  when  they  entered  on  the  experi- 
mental work. 

It  has  already  been  pointed  out  that  salicylic  acid  and  benzoic  acid 
are  only  rarely  used  as  milk  preservatives.  This  is  fortunate,  since 
both  of  these  substances  must  be  looked  upon  as  toxic,  to  a  degree  at 
least,  and  the  former,  at  least,  seems  to  be  more  or  less  cumulative 
in  its  toxic  effects  upon  the  system.  The  injurious  effects  resulting 
from  continuous  small  daily  doses  of  salicylic  acid  were  first  pointed 
out  by  Brouardel  (39),  who  made  a  plea  for  its  discontinuance  as  a 
food  preservative  and  for  more  thorough  and  systematic  examina- 
tions of  preserved  foodstuffs  by  chemists  and  health  officers.  The 
effect  of  salicylic  acid  and  the  salicylates  on  man  has  also  been  investi- 
gated quite  recently  by  Doctor  Wiley  (40)  and  his  coworkers  at  the 
hygienic  table.  He  points  out  in  his  general  conclusions  that  there 
has  been  a  general  consensus  of  opinion  among  scientists  and  medical 
authorities  that  salicylic  acid  and  its  compounds  are  very  harmful 
substances  and  that  the  prejudice  against  them  is  pei'haps  greater 
than  against  any  other  form  of  food  preservatives.  \^niile  he  is  still 
inclined  to  look  upon  it  as  a  harmful  substance,  it  is  probably  of  less 
virulence  than  has  heretofore  been  supposed. 

Attention  has  already  been  called  to  the  use  of  hydrogen  peroxide 
in  the  sterilization  of  milk.  In  its  3  per  cent  solution  this  substance 
has  been  employed  by  Budde  (16)  to  sterilize  milk  at  somewhat  lower 
temperatures  than  those  emi)loyed  in  the  ordinary  processes  of  pas- 
teurization, and  attempts  have  also  been  made  to  remove  all  traces  of 
the  peroxide  remaining  in  the  milk  after  such  treatment.  According 
to  Lakin  (41),  however,  these  attempts  have  not  proven  practicable, 
and  this  author  therefore  objects  to  Budde's  process  of  sterilizing 
milk  on  the  ground  that  it  still  contains  small  amounts  of  the  un- 
changed hydrogen  peroxide,  and  also  in  consequence  of  the  injurious 
im})urities  which  commercial  solutions  of  hydrogen  peroxide  are 
liable  to  contain — such  as  boric  acid  and  arsenic — which  are  ]ire>ent 
in  the  substances  from  which  the  solutions  of  iiydrogen  peroxide  are 
made.  He  adds,  however,  that  the  consumption  of  milk  sterilized 
by  this  method  is  not  known  to  have  produced  any  injurious  effects. 
P.  Gordan  (42)  has  shown  that  the  small  amounts  of  hydrogen 
peroxide  employed  by  Budde  in  his  process  of  sterilizing  milk  have 
practically  no  sterilizing  action,  and  (hat  if  eni])loyed  in  (|uantities 
sufficient  to  sterilize,  it  imparts  a  taste  to  the  milk  and  renders  it 
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unfit  for  human  consumption.  xVccording  to  a  number  of  authorities 
hydrogen  peroxide  is  ajaparently  liarmless  in  its  effects.     Amberg 

(43)  quotes  the  following  authorities  on  this  point:  Jablin-Gonnet 

(44)  fed  milk  containing  hydrogen  peroxide  to  young  animals  and 
took  it  himself  for  two  months  without  ill  effect.  Rosam  (45)  took 
within  a  period  of  three  months  a  quantity  of  hj^drogen  peroxide, 
in  milk,  corresponding  to  1,800  cubic  centimeters  of  a  3  per  cent 
sdlution  without  the  least  injurious  effect,  and  Vandervelde  (46) 
claims  to  have  shown  that  hydrogen  peroxide  favors  the  action  of 
rennin,  pepsin,  trypsin,  and  galactase. 

Concerning  the  possibility  of  injurious  effects  resulting  from  the 
use  of  fluorides  as  milk  pi'eservatives,  it  may  be  said  that  the  evidence 
now  at  hand  goes  to  show  that  these  substances  are  irritating  poisons 
of  considerable  power.  That  such  is  the  case  may  be  seen  from  the 
following  observations  which  have  been  made  on  their  toxicity: 
Rubuteau  (47)  found  that  0.5  gram  of  sodium  fluoride  given  by 
the  mouth  produced  sickness  in  dogs  and  0.25  gram  by  mouth 
produced  sickness  in  rabbits.  AAHien  injected  subcutaneously  0.25 
gram  of  sodium  fluoride  proved  fatal  to  rabbits.  Kolipinski  (48), 
who  successfully  employed  sodium  fluoride  in  minute  doses  in 
epilepsy,  intermittent  fever,  and  sympathetic  headache,  observed  that 
5  grains  caused  vomiting  in  a  dog,  when  administered  by  the  mouth, 
and  that  3  grains  injected  into  a  dog  or  cat  caused  death  in  a 
few  hours.  The  urine  in  such  cases  was  found  to  contain  small 
amounts  of  albumen,  and  to  be  rich  in  fluorine,  indicating  its  elimi- 
nation by  the  kidneys.  Schulz  (49)  found  the  lethal  dose  of  sodium 
fluoride  for  rabbits  to  be  0.2  to  0.4  gram,  for  dogs  0.3  gram,  and  for 
frogs  0.005  to  O.OOG  gram.  Heidenhain  (50)  found  the  lethal  dose 
for  dogs  to  be  0.05  to  0.1  gi"am  per  kilo  body  weight.  Weinland  (51) 
observed  that  a  2.1  per  cent  solution  of  sodium  fluoride  killed  the 
nuicous  membrane  of  the  throat  of  a  frog  and  Gruentzner  (52)  found 
(hat  at  such  a  concentration  living  nerves  are  destroyed.  Czrellitzer 
(53)  found  it  to  l)e  iin  active  poison  for  all  form  of  cells,  and  for 
protoplasm  genei-aliy,  but  states  that  no  satisfactory  explanation  of 
its  toxicity  is  yet  known.  Kastle  and  Loevenhart  (54)  found  it 
highly  toxic  to  li])ase,  the  fat-splitting  ferment,  and  quite  recently 
Loevenhart  and  Pierce  (55)  have  considerably  extended  these  obser- 
vations, and  have  found  that  sodiiun  fluoride  retards  the  action  of 
lipase  when  present  in  a  solution  of  (lie  ferment  at  the  gi'eat  dilution 
of  one  to  one  hundred  million. 

Baldwin  (50)  has  called  attention  to  several  cases  of  accidental 
])oisoning  by  sodium  fluoride,  that  came  under  his  observation,  in 
which  an  insecticide  consisting  of  sodium  fluoride  was  mistaken  for 
baking  powder  and  used  in  tlic  making  of  griddlccakes.  In  these 
cases  violent  vomiting  and  purging  followed  quickly  after  the  eating 
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of  these  cakes,  which  probably  contained  rather  large  amounts  of  the 
fluoride.  These  observations  led  the  author  to  test  the  toxicity  of 
sodium  fluoride  on  himself.  He  found  that  0.03  gram  of  sodiimi 
fluoride,  eaten  with  bread,  produced  no  effect.  Neither  did  0.09 
gram  taken  a  little  later.  0.25  gram  taken  on  an  empty  stomach 
produced  nausea  in  two  minutes,  which  effect  reached  its  maximum 
in  twenty  minutes.  During  this  time  there  was  an  increased  flow 
of  saliva  and  retching,  but  no  vomiting.  In  about  two  hours  these 
symptoms  had  subsided.  Luncheon  was  then  eaten,  but  without 
relish.  Vomiting  occurred  immediately  after  eating,  and  slight 
nausea  continued  throughout  the  day  on  which  the  poison  was  taken. 
Baldwin  concludes  from  his  observations  that  sodium  fluoride 
belongs  to  the  class  of  less  violent  poisons,  the  characteristic  symp- 
toms being  nausea,  vomiting,  and  salivation. 

According  to  Van  Slyke  (57)  potassium  dichromate  is  not  a  very 
violent  poison,  though  not  entirely  harmless. 

Concerning  the  physiological  effects  of  such  substances  as  common 
salt,  sodium  bicarbonate,  etc.,  nothing  need  be  said  in  this  connection. 

It  is  evident  therefore  that  those  who  have  made  the  closest  study 
of  the  use  of  preservatives  in  food  are  very  much  divided  in  their 
opinion  regarding  the  possibility  of  ill  effects  resulting  from  their 
use.  Indeed  the  whole  subject  of  food  preservatives  has  been  dis- 
cussed from  practically  every  standpoint.  A  priori,  most  of  us  would 
probabl}'  be  inclined  to  proceed  on  the  assumption  that  a  substance 
which  is  toxic  to  micro-organisms  is  also  toxic  to  the  cells  com- 
posing the  tissues  of  man  and  the  higher  animals.  In  his  testimony 
before  the  food-preservatives  committee,  London,  Halliburton  (25) 
took  the  stand  that  the  use  of  food  preservatives  should  be  abandoned 
and  methods  of  cold  storage  and  transportation  substituted  in  their 
place,  upon  the  gi-ound  (1)  that  an  antiseptic  which  is  inimical  to  the 
life  of  those  organisms  that  cause  putrefaction  can  not  be  harmless 
to  the  vital  processes  of  the  higher  animals;  (2)  numerous  clinical 
observations  have  been  recorded  which  show  that  dyspeptic  and 
other  troubles  follow  the  use  of  foods  which  have  been  treated  with 
preservatives  ordinarily  employed  for  such  jjurposes,  such  as  borax ; 
(3)  even  if  as  in  the  case  of  boric  acid  and  borax,  the  poison  is 
not  cumulative,  the  continuous  passage  of  foreign  substances  through 
the  kidneys  can  not  be  beneficial  to  those  organs.  A  similar  stand 
against  the  use  of  preservatives  in  food  has  been  taken  by  Leffmann 
(58).  According  to  this  author,  the  bad  effects  of  a  food  preserva- 
tive may  show  itself  in  several  ways:  (1)  It  may  interfere  with  the 
action  of  the  digestive  ferments,  as  has  been  proven  in  the  case  of 
salicylic  acid;  (2)  it  may  act  on  the  food,  like  formaldehyde;  and  (3) 
it  may  work  a  direct  injury  to  the  body  as  is  known  to  be  the  case 
witli  almost  all  mineral  preservatives.     Iloije  (59)   looks  upon  it  as 
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proven  beyond  dispute  that  chemical  preservatives  while  checking  the 
putrefactive  changes  in  food,  also  check  the  fermentative  processes 
of  digestion.  Especially  does  he  regard  the  use  of  preservatives  in 
milk  as  absolutely  indefensible,  and  points  out  that  the  experiments 
of  the  bacteriological  department  of  the  Thompson-Yates  laborato- 
ries are  sufficient  in  themselves  to  establish  the  dangers  of  this  prac- 
tice, even  if  they  stood  alone.  According  to  this  author,  there  are 
numerous  cases  of  injury  resulting  from  the  use  of  milk  so  preserved. 
He  is  therefore  of  the  opinion  that  cleanliness  and  cold  alone  should 
be  relied  upon  to  insure  the  preservation  of  milk.  Vaughan  and 
Veenboer  (60)  have  arrived  at  the  conclusion  that  it  is  desirable  to 
prevent  the  use  of  formaldehyde  in  any  and  all  foods,  and  also  not  to 
allow  the  use  of  any  preservatives  in  milk.  They  are  of  the  opinion, 
however,  that  the  use  of  one-fourth  of  1  per  cent  of  boric  acid  in 
cream  would  probably  not  prove  harmful.  The  English  commission 
appointed  to  inquire  into  the  subject  of  food  preservatives,  upon  the 
testimony  and  findings  of  seventy-eight  experts,  prohibited  the  use 
of  all  i^reservatives  and  coloring  matters  in  milk,  and  at  the  Inter- 
national Congress  of  Hygiene,  held  at  Brussels  in  1903,  resolutions 
were  passed  iiracticallj'  jirohibiting  the  use  of  preservatives  in  all 
kinds  of  foods. 

On  the  other  Land.  Rideal  and  Foulerton  (fil)  contend  that  in  view 
of  the  exceedingly  perishable  nature  of  milk,  and  the  fact  that  it  fi'e- 
quently  has  to  be  brought  long  distances  before  reaching  the  con- 
sumer, the  use  of  a  preservative  is  not  only  legitimate,  but  distinctly 
advantageous  from  a  hygienic  standpoint,  providing  that  the  pre- 
servative is  not  injurious  to  the  health  of  the  consumer.  It  may  be 
said  finally,  however,  that  the  preponderance  of  medical  and  scientific 
opinion  is  decidedly  against  the  use  of  preservatives  in  milk,  not  only 
on  account  of  possible  injuries,  especially  to  young  children,  resulting 
from  the  continued  use  of  such  preservatives  in  small  ajnounts,  but 
also  for  the  reason  that  the  use  of  such  substances,  if  permitted, 
would  ultimately  tend  to  carelessness  and  undeanliness  in  the  hand- 
ling of  milk.  Cleanliness  and  cold,  the  rigorous  enforcement  of  the 
tuberculin  test,  and  proper  medical  supervision  of  the  dairies  and 
those  who  handle  the  milk,  are  the  prime  essentials  for  a  pure  milk 
supply,  and  no  method  of  stei-ilization  or  pi-('S('i-\alion  is  likely  to 
give  as  good  results. 

In  this  comiection,  Kichmond  (02)  has  pointed  out  that  in  hot 
summer  weather  milk  preservatives  are  comparatively  useless  unless 
added  in  relatively  large  quantities.  He  also  calls  attention  (o  (lie 
fact  thai  wlien  once  the  souring  of  milk  ('ontaining  a  small  amount 
of  preservative  begins  it  proceeds  at  an  increased  rate  as  compared 
with  milk  to  which  no  preservative  has  been  added. 
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An  actual  case  of  milk  adulteration  which  came  under  our  obser- 
vation at  the  Hygienic  Laboratory  will  serve  to  illustrate  the  different 
phases  of  this  subject.  On  July  23,  1907,  a  sample  of  milk  was  re- 
ceived from  the  Jamestown  Exposition.  According  to  the  statement 
of  the  person  submitting  the  samjile,  this  milk  was  a  sample  of  the 
milk  supplied  the  guests  at  one  of  the  tables  of  a  hotel  within  the 
exposition  grounds.  This  sample  of  milk  gave  the  following  num- 
bers on  analysis: 

Specific  gravity 1.  0213 

Fat per  ceiit__  1.7 

Total  solids do 7.5 

Total  solids  not  fat do 5.80 

Ash do .43 

Milli  sugar do 3.37 

Refractoineter  reading 32. 1 

It  was  also  found  to  contain  formaldehyde  and  to  be  artificially 
colored  with  an  azo  dye.  It  was  also  found  to  contain  a  large  num- 
ber of  bacteria  per  cubic  centimeter.  The  results  of  our  examination 
of  this  milk  show  that  the  milk  was  watered.  The  fact  that  it  con- 
tained a  large  number  of  micro-organisms  despite  the  addition  of 
formaldehyde  indicates  either  that  proper  care  had  not  been  exer- 
cised in  drawing  the  milk  from  the  cow  or  that  the  projDer  care  and 
cleanliness  had  not  been  exercised  in  handling  it,  or  that  the  attempt 
had  been  made  to  keep  it  for  too  long  a  time  and  probably  at  too 
high  a  temperature.  Such  milk  is  not  only  below  standard  so  far  as 
food  constituents  is  concerned,  but  it  is  exceedingly  liable  to  infec- 
tion, yet  this  was  a  sample  of  the  milk  probably  supplied  to  many 
persons  while  they  were  guests  at  this  hotel.  This  single  instance  is 
sufficient  to  illustrate  the  real  significance  of  milk  adulteration  and 
its  possible  dangers. 

PAKT   v.— THE   WASHINGTON   MILK   SUPPLY. 

So  far  as  our  experimental  work  on  this  subject  is  concerned,  the 
principal  object  has  been  to  determine  the  general  character  of  the 
milk  at  present  supplied  to  the  consumer  in  Washington  and  the 
District  of  Columbia.  With  this  in  view,  routine  chemical  analyses 
have  been  made  of  milk  offered  for  sale  by  various  milk  dealers  in 
the  city  of  Washington  and  the  District  of  Columbia,  from  the  5th 
of  July,  1907,  to  the  27th  of  September,  1907,  inclusive.  So  nnich 
has  been  written  on  the  subject  of  the  routine  analysis  of  milk,  and 
the  methods  at  present  employed  are  generally  so  well  uiulerstnod, 
that  only   a   few   words  concerning  the  methods  employed   in   this 
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investigation  are  required.  For  further  details  concerning  methods 
of  milk  analysis,  the  reader  is  referred  to  the  following  standard 
works  on  this  subject,  viz,  Modern  Methods  of  Testing  Milk  and 
Milk  Products,  Van  Slyke,  New  York,  1!)07;  and  Food  Inspection 
and  Analysis,  Leach,  New  York,  1907.  The  chemical  examination 
of  the  AVashington  milk  supi^ly  has  included  the  determination  of 
specific  gravity,  total  solids,  fat,  sugar,  ash,  acidity,  refractometer 
reading,  quantity  of  dirt  by  volume,  and  tests  for  preservatives. 
During  the  month  of  September  sjDecial  attention  was  paid  to  the 
examination  for  preservatives,  and  during  this  time  the  determination 
of  sugar  and  total  solids  was  omitted.  The  latter  were  calculated 
from  the  specific  gravity  and  the  percentage  of  fat  according  to  Bab- 
cock's  rule.  The  samples  submitted  for  examination  were  collected 
by  certain  inspectors  of  the  health  office,  and  as  soon  as  collected  were 
put  on  ice  and  kept  there  until  delivered  at  the  Hygienic  Laboratory, 
and  until  the  chemical  examinations  were  completed.  As  soon  as 
the  sample  was  brought  into  the  laboratory,  the  acidity  of  the  milk 
was  determined  on  50  cubic  centimeters  of  the  sample.  The  specific 
gravity  and  the  percentage  of  fat  and  also  the  refractometer  reading 
(the  latter  on  the  milk  serum)  were  also  determined  practically  as 
soon  as  the  samj^le  reached  the  laboratory,  especially  in  those  cases  in 
which  owing  to  lack  of  time  the  total  solids  were  not  determined  by 
weighing,  and  in  the  event  that  these  determinations  indicated  that 
any  particular  sample  was  below  standard,  the  total  solids  on  this 
particular  sample  were  determined  by  weighing  in  the  manner  de- 
scribed in  the  following: 

Specific  (jrainty. — The  specific  gravity  of  the  milk  was  determined 
either  by  means  of  the  Westphal  balance  or  by  means  of  the  Que- 
venne  lactometer. 

Total  solids  and  ash. — Tlie  total  solids  and  ash  were  determined  by 
the  method  recommended  by  Leach  (1).  This  method  consists  in 
heating  5  grams  of  the  milk  on  the  steam  bath  for  three  hours,  in 
small  flat  platinum  dishes.  At  the  end  of  this  time  the  dishes  were 
removed  from  the  steam  bath  and  while  still  hot  were  wiped  dry 
with  a  piece  of  soft  toweling.  They  were  then  allowed  to  cool  and 
weiglied.  In  this  way  wo  obtained  the  weight  of  (he  residiu;  from 
.5  grams  of  milk,  and  from  this  we  calculated  the  percentage  of  total 
solids.  The  ash  of  the  milk  was  then  determined  on  the  same  sample 
by  ignition  at  a  low  red  heat,  cooling  and  weighing  the  dish  and  its 
contonts  the  second  time.  The  ash  left  after  this  operation  was  tested 
for  boric  acid  by  the  turmeric  test. 


398 

Fat. — The  qiiiintity  of  butter  fat  in  the  milk  was  determined  by 
the  Babcock  centrifugal  method.  This  is  the  most  rapid  method 
known  for  the  determination  of  fat  in  milk.  It  compares  very 
favorably  as  to  accuracy  with  the  most  exact  methods  now  known  for 
the  determination  of  fat  in  milk,  and  it  is  the  method  ordinarily 
employed  in  practice  for  this  purpose. 

Lactose. — The  amount  of  lactose  in  the  several  samples  of  milk  was 
determined  polarimetrically  after  the  removal  of  the  milk  proteids 
by  means  of  an  acid  solution  of  mercuric  nitrate. 

Aeklity. — The  acidity  of  the  milk  was  determined  by  titrating  50 
cubic  centimeters  of  the  sample  with  tenth-normal  sodium  hydroxide, 
using  phenolphthalein  as  the  indicator. 

One  cubic  centimeter  of  tenth-normal  sodium  hydroxide,  contain- 
ing 0.004  gram  of  sodiimi  hydroxide,  is  equivalent  to  0.009  gram  of 
lactic  acid.  Hence  each  cubic  centimeter  of  tenth-normal  sodium 
hydroxide  requii'ed  by  the  50-cubic-centimeter  sample  of  milk  is 
equivalent  to  0.018  per  cent  of  lactic  acid.  In  order,  therefore,  to 
obtain  the  per  cent  of  acidity  of  the  sample  we  multiph^  the  number 
oi  cubic  centimeters  of  tenth-normal  sodium  hydroxide  required  for 
neutralization  by  0.018.  The  product  is  the  acidity  of  the  milk  in 
percentage  of  lactic  acid. 

Thoerner  (2)  has  suggested  as  a  practical  limit  for  wholesome  milk 
an  acidity  equal  to  one-fifth  of  the  volume  of  the  milk  in  cubic  cen- 
timeters of  tenth-normal  caustic  soda.  This  would  correspond  to  an 
acidit}'  of  0.18  per  cent  of  lactic  acid.  According  to  Van  Slyke  (3), 
the  average  acidity  of  English  market  milk,  supjiosed  to  be  12  to  18 
hours  old,  is  0.18  per  cent,  and  of  German  milk  0.13  to  0.18  per  cent. 
According  to  this  author,  market  milk  should  not  in  any  case  contain 
over  0.2  per  cent  total  acidity  when  it  reaches  the  consumer,  and 
generally  should  be  under  0.15  per  cent.  According  to  Tuley  (4), 
the  milk  of  swill- fed  cows  is  hyperacid. 

Dirt. — The  quantity  of  dirt  or  suspended  matter  in  the  milk  may 
be  estimated  either  gravimetrically  (Renk,  quoted  by  Ott  (5))  or 
volumetrically  (Van  Slyke).  The  gravimetric  method  requires  a 
large  volume  of  milk  and  also  requires  considerable  time.  The  volu- 
metric method  is  raiDid,  and  only  small  amounts  of  milk  are  required. 
For  this  reason  the  latter  method  was  employed.  Fifteen  cubic  centi- 
meters of  the  sample  was  placed  in  a  Bausch  and  Lomb  graduated 
centrifuge  tube.  The  samples  were  then  centrifugalized  for  five 
minutes.  The  dirt  then  collects  on  the  bottom  of  the  tube,  and  the 
volume  of  it  is  read.  From  these  readings  (he  per  cent  of  dirt  is 
calculated. 
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Rcfractcmieter  rending. — Milk  sei'iiin  has  a  higher  index  of  refrac- 
tion than  water.  Therefore  the  addition  of  water  to  milk  lowers  the 
index  of  refraction  of  the  serum  The  refractometer  reading  of  the 
several  samples  was  obtained  in  the  following  manner:  One  hundred 
cubic  centimeters  of  the  sample  of  milk  is  placed  in  a  beaker.  To 
this  2  cubic  centimeters  of  25  per  cent  acetic  acid  is  added.  The 
beaker  is  then  covered  with  a  watch  glass  and  heated  in  a  water  bath 
at  70°  C.  for  twenty  minutes.  It  is  then  jjlaced  in  ice  water  for  ten 
minutes  and  filtered.  The  refractometer  reading  on  the  clear  yellow- 
ish filtrate  (milk  serum)  is  then  made  with  a  Zeiss  immersion  refrac- 
tometer, at  20°  C.  A  description  of  this  instrument,  together  with  all 
necessary  directions  for  its  use,  is  given  by  Leach  (6).  See  also 
Wagner  (7).  Unadulterated  milks  give  a  refractometer  reading 
varying  betM'een  39  and  43  on  the  scale  of  this  instrument.  Accord- 
ing to  Leach  (8),  a  reading  below  40  with  the  above  conditions  care- 
fully observed  would  be  suspicious  of  added  water,  though  3!)  might 
more  safely  be  placed  as  a  limit,  below  which  milk  could  be  declared 
fraudulently  watered. 

The  following  data  given  by  Leach  (9)  show  the  variations  in  the 
specific  gravity,  refractometer  reading,  chemical  composition,  etc., 
resulting  from  the  addition  to  a  whole  milk  of  various  amounts  of 
water  up  to  50  per  cent. 


Determinations  on  milk. 

On  milk  serum. 

Added 

water. 

Total 
solids. 

Water. 

Fat. 

Solids 
not  fat. 

Ash. 

Specific 

gravity  at 

15°  C. 

Specific 

gravity  at 

15°  C. 

Immersion 
refrac- 
tometer 

reading  at 
20°  C. 

Per  cnil. 
0 
10 
20 
30 
40 
60 

Per  cent. 
12.65 
11.33 
10.10 
8.9.5 
7.67 
6.43 

Per  cent. 
87.35 
88.67 
89.90 
91.05 
92.33 
93.57 

Per  cent. 
4.00 
3.50 
3.10 
2.80 
2.40 
2.00 

Per  cent. 
8.65 
7.83 
7.00 
6.15 
5.27 
4.43 

Per  cent. 
0.66 
.60 
..53 
.48 
.40 
.88 

1.0315 
1.0278 
1.0252 
1.0211 
1.0192 
1.0154 

1.0287 
1.0260 
1.0230 
1.0200 
1.0167 
1.0140 

42.40 
39.75 
36.90 
34.10 
31.10 
28.45 

Coloring  matters. — All  of  the  samples  of  milk  were  oxainined  sys- 
tematically for  artificial  coloiing  iiiattei's  by  tlie  methods  given  by 
Leach  (10). 

Preservatives. — All  of  tiie  samples  of  milk  were  examined  for  anti- 
septics (1)  by  the  souring  test.  That  is,  a  portion  of  the  sample 
was  jjlaced  in  a  fiask  and  allowed  to  stand  overnight  at  room  temper- 
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ature.  If  the  milk  turns  sour  in  this  time  and  curdles  noriuaily  it 
was  taken  as  an  indication  that  antiseptics  had  probably  not  been 
added.  On  the  other  hand,  if  it-  did  not  curdle  in  this  time,  under 
these  conditions,  it  was  regarded  as  possibly  containing  preserva- 
tives and  was  sj'stematically  examined  for  all  substances  ordinarily 
employed  as  milk  preservatives  by  the  methods  described  by  Leach, 
Van  Slyke,  and  other  well-known  authorities  on  the  subject. 

(2)  A  considerable  number  of  the  samples  were  tested  for  preserva- 
tives by  Blyth's  (11)  method  for  the  detection  and  estimation  of  pre- 
servatives in  milk.  This  method  is  carried  out  in  the  following  man- 
ner: Ten  cubic  centimeters  of  the  milk  is  jiut  into  a  clean,  wide  test 
tube,  and  into  another  tube  for  purposes  of  comparison  and  control 
are  put  10  cubic  centimeters  of  a  sample  of  milk  of  known  purity.  To 
each  tube  2  cubic  centimeters  of  a  strong  aqueous  solution  of  blue 
litmus  is  then  added,  and  after  plugging  with  cotton  wool  the  tubes 
are  sterilized  by  heating  to  80°  C.  for  ten  minutes.  The  tubes  are 
then  i-emoved  from  the  sterilizer  and  cooled  to  ordinary  temperature. 
Each  tube  is  then  inoculated  with  0.5  cubic  centimeter  of  a  solution 
containing  0.5  cubic  centimeter  of  sour  milk  and  100  cubic  centimeters 
of  water.  After  thoroughly  mixing,  the  tubes  are  kept  at  15°  to  25° 
C.  for  twenty-four  hours  and  are  then  examined.  The  tubes  contain- 
ing samples  of  milk  which  contain  preservatives  will  be  colored  blue 
or  pink,  whereas  the  tubes  containing  milks  to  which  no  preservatives 
have  been  added  will  be  of  the  same  color  as  the  control  experiment 
with  normal  milk,  viz,  white  or  nearly  so.  This  test  depends  upon 
the  fact  that  in  the  normal  souring  of  milk  the  colored  substances 
present  in  litmus  are  reduced  by  the  bacteria  to  colorless  (leuco)  com- 
pounds. 

(3)  All  of  the  samples  of  milk  without  exception  were  tested  for 
formaldehyde  and  boric  acid  by  the  methods  described  by  Leach 
(12).  The  test  for  formaldehyde  described  by  this  author  as  the 
hydrochloric  acid  test  is  capable  of  readily  detecting  1  part  of  for- 
maldehyde in  250,000  parts  of  sweet  milk  and  1  part  in  50,000  in 
sour  milk.  It  has  been  shown  by  Rideal  and  Foulerton  (13)  that  at 
least  1  part  of  formaldehyde  in  50,000  is  required  to  preserve  milk 
for  twenty-four  hours,  so  that  this  test  is  capable  of  detecting  much 
smaller  quantities  of  formaldehyde  than  is  ever  employed  in  prac- 
tice. During  the  month  of  September,  during  which  time  special 
attention  was  paid  to  the  subject  of  preservatives  in  the  milk,  20 
cubic  centimeters  of  each  sample  of  tlio  milk  was  distilled  and  a  few 
cubic  centimeters  of  the  distillate  collected  in  a  snuill  amount  of  dis- 
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tilled  water.  The  distillate  was  then  tested  for  formaldehj'de  by  a 
modification  of  the  Hehner  test  (see  Acree  (14) ),  which  in  our  hands 
enabled  us  to  detect  with  certainty  1  part  of  formaldehyde  in  1,000,000 
parts  of  milk  when  a  few  drops  of  normal  milk  are  used  to  supply 
the  jjroteid  required  in  this  test. 

In  Table  I  are  given  the  results  of  our  analyses. 

In  Table  II,  column  (1),  are  given  the  serial  numbers  of  the  sam- 
ples of  the  milks  of  the  several  dairies.  These  are  the  inspectors' 
numbers  furnished  by  the  health  office  of  the  District  of  Columbia. 
In  column  (2)  are  given  the  total  number  of  samjiles  analyzed  from 
each  dairy.  In  column  (3),  the  inspectors'  numbers  of  such  samples 
as  wei'e  found  to  be  below  the  standard  of  purity  now  fixed  for  the 
District  of  Columbia.  In  column  (4),  the  total  number  of  samples 
found  to  be  below  this  standard.  In  column  (5)  ai'e  given  the  in- 
sjDectors'  numbers  of  the  samples  which  were  found  to  contain  measur- 
able amounts  of  dirt,  viz,  quantities  equal  to  or  greater  than  0.07  per 
cent  by  volume  of  the  milk.  In  column  (G)  are  given  the  total  num- 
ber of  milks  from  each  dairy  containing  measurable  amounts  of  dirt. 

It  will  be  seen  from  the  totals  given  at  the  end  of  Table  II  that  out 
of  a  total  of  452  samples  of  milk  analyzed  55  were  found  to  be  below 
standard,  and  of  these  which  wei'e  found  to  be  below  standard  48 
contained  less  than  3.5  per  cent  of  fat  and  17  gave  evidence  of  having 
been  watered.  In  addition  to  the  55  samples  found  to  be  below 
standard,  4  samples  gave  results  indicating  the  probability  of  their 
having  been  watered,  and  2  of  the  samples  had  probably  been 
skimmed.  It  will  also  be  seen  from  Table  II  that  out  of  452  samples 
analyzed  242  contained  measurable  amounts  of  dirt,  varying  from 
0.07  per  cent  by  volume  of  the  milk  to  ten  times  this  amount,  viz,  0.7 
per  cent  by  volume.  Only  one  of  the  samples  out  of  the  452  ana- 
lyzed was  found  to  contain  preservatives.  This  jaarticular  sample 
contained  small  amounts  of  boric  acid.  None  of  the  samples  con- 
tained artificial  coloring  matters.  The  following  additional  facts 
concerning  certain  of  these  samples  are  not  without  interest  in  this 
connection :  KSamples  USB,  235B,  240B.  241B.  280B,  297B,  IC,  2C, 
8C,  44C,  58C,  and  fiOC  were  put  up  in  bottles  containing  .stale  milk. 
Samples  48A,  IDGB,  203B,  21(;B.  and  237B  were  put  up  in  dirty  bottles. 
Feces  were  found  in  sample  HOB,  grass  in  sample  121B,  pieces  of 
straw  in  samples  51A,  57B,  M41i,  154B,  IGDB,  215B,  and  220B. 
Pieces  of  hair  were  found  in  samples  4!)A,  77B,  147B,  ISl  B.  and  1!)8B. 
A  blue  substance,  probably  laundry  bluing,  was  found  in  sample  155B; 
1414— Bull.  OU— O'J 20 
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and  pieces  of  leaves  in  samples  121B  and  196B;  and  one  or  more  dead 
flies  in  samples  43B,  56B,  and  252B. 

Samples  28A,  4B,  29B,  51B,  91B,  HOB,  132B,  154B,  179B,  189B, 
199B,  208B,  234B,  247B,  248B,  255B,  277B,  21C,  and  380  were  found 
to  contain  more  than  0.18  per  cent  of  lactic  acid. 

Finallj'  a  word  or  two  should  be  said  as  to  the  general  import  of 
these  adulterations  of  the  Washington  milk  supply.  First,  the  fact 
that  48  of  the  samples  analj^zed  contained  less  than  3.5  per  cent  of 
fat  is  not  in  itself  a  matter  of  serious  imj^ort,  for  the  reason  that  the 
milk  of  perfectly  healthy  cows  frequently  contains  less  than  3..5  per 
cent  of  fat,  and  j'et  no  one  could  question  the  value  of  such  milk  as 
a  food.  Then  again,  we  note  that  the  requirements  here  in  the  Dis- 
trict of  Columbia  regarding  the  fat  content  of  milk  are  higher  than 
the  United  States  standard  controlling  the  composition  of  milk 
offered  for  sale  under  the  laws  governing  interstate  commerce.  This 
in  itself  may  indicate  possibly  that  the  requirements  governing  the 
percentage  of  fat  in  milk  within  the  District  of  Columbia  are  a  trifle 
too  high. 

As  already  pointed  out,  the  watering  of  milk  is  a  practice  which 
should  be  vigorously  condemned  and  controlled  by  rigorous  enforce- 
ment of  the  law,  for  the  reason  that  such  practice  is  not  only  fraudu- 
lent, but  also  a  serious  menace  to  the  health  of  the  community  by 
reason  of  the  fact  that  the  milk  may  become  infected  with  patho- 
genic organisms  as  the  result  of  the  addition  of  polluted  water,  and 
ordinarily  the  dairyman  who  waters  his  milk  does  not  stop  to  con- 
sider the  character  of  the  water  which  he  is  adding  thereto.  In  fact 
the  degree  of  water  pollution  which  might  seriously  contaminate  and 
infect  a  milk  supply,  if  the  water  were  added  to  the  milk,  would 
probably  under  most  circumstances  be  exceedingly  difficult  to  detect. 
The  only  way  therefore  to  control  such  a  situation  is  sipiply  to  pre- 
vent by  law  the  addition  of  water  to  milk  in  any  form.  According 
to  Atlee  (15),  impure  water  is  one  of  the  most  frequent  sources 
of  the  pollution  of  milk,  resulting  either  from  the  addition  of  water 
for  purposes  of  adulteration  or  from  its  use  for  washing  utensils. 
Winslow  (16)  is  also  of  the  opinion  that  water  is  probably  the  most 
dangerous  adulterant  of  milk,  for  the  reason  that  the  water  used  by 
dairymen  is  frequently  dirty  and  contaminated  with  pathogenic 
organisms. 

From  the  standpoint  of  public  health  the  point  of  chief  interest 
and  of  the  greatest  importance  brought  out  in  this  investigation 
is  the  large  number  of  milks  sold  in  Washington  containing  meas- 
urable amounts  of  dirt.     Two  liundrcd  and    forty-two  samples  out 
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of  452,  or  53.5  jjer  cent  of  all  the  samples  examined,  contained  0.07 
per  cent,  or  more,  of  dirt  by  volume  of  the  milk.  Manj^  more  of 
the  samples  contained  traces  of  dirt,  and  comparatively  few  were 
absolutely  clean.  During  the  summer  of  lOOG,  of  172  samples  of 
milk  examined  in  the  Division  of  Pathology  and  Bacteriology  of 
the  Hygienic  Laboratory,  98  samples  were  found  to  contain  a  very 
small  amount  of  dirt.  Eight  contained  much  dirt,  and  1  contained 
(mouse?)  feces.  (See  Bulletin  35,  Hygienic  Laboratory,  United 
States  Public  Health  and  Marine-Hospital  Service,  p.  71.)  All 
sanitarians  are  agreed  that  milk  should  contain  no  dirt,  and  by  the 
use  of  the  Gurler  milk  pail  in  milking,  and  by  taking  a  few  simple 
precautions  in  the  handling  and  preservation  of  milk  it  can  certainly 
be  kept  out,  and  a  good  clean  milk  delivered  to  the  consumer. 

The  presence  of  dirt  in  such  a  large  percentage  of  the  samples 
examined  indicates  an  alarming  neglect  of  even  the  simplest  precau- 
tions, and  probably  accounts  for  the  large  number  of  bacteria  found 
in  the  greater  number  of  milks  on  sale  in  the  city  of  Washington 
during  the  summer  months.  According  to  Renk  (quoted  by  Ott  (5) ), 
cow's  milk  should  be  put  on  the  market  in  such  a  state  of  purity  that 
after  two  hours'  standing  a  liter  of  the  milk  should  show  no  appre- 
ciable deposit.  Very  few  of  the  milks  offered  for  sale  in  this  city 
would  conform  to  this  requirement. 

It  should  be  observed  in  this  connection,  however,  that  dirty  milk 
is  by  no  means  confined  to  this  locality.  Nearly  every  city  through- 
out the  world  has  to  contend  with  this  problem.  According  to  some 
authorities,  the  citizens  of  Berlin  consume  300  pounds  of  cow  dung 
in  their  milk  daily,  and  the  citizens  of  New  York  consume  10  tons  of 
filth  and  refuse  in  the  same  manner;  and  many  medical  authorities, 
among  them  Winslow  (10),  assert  that  the  question  of  dirt  and  the 
bacterial  contamination  of  milk  is  of  infinitely  greater  importance 
from  the  standpoint  of  health  than  a  high  chemical  standard  gov- 
erning the  composition  of  milk,  for  the  reason  that  very  poor  milk, 
viz,  that  which  is  low  in  proteids,  fat,  and  milk  sugar,  is  still  very 
valuable  as  a  food  and  contains  a  great  deal  of  nutriment,  provided 
that  it  is  sufficiently  clean  to  be  consumed  with  safety.  On  the  other 
hand,  it  is  now  perfectly  well  understood  that  dirty  milk  and  milk 
bacterially  contaminated  is  not  otdy  responsible  for  the  higii  death 
rat(^  prevailing  among  young  children  from  cholera  infantum,  but 
that  polluted  milk  is  also  responsible  to  a  large  degree  for  the  spread 
of  such  infections  as  dijihtlieria,  scarlet  fever,  typhoid  fever,  and 
tuberculosis,  and  for  acute  cases  of  milk  poisoning,  which  are  by  no 
means  uncomm.on. 
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It  is  therefore  not  surprising  that  some  medical  authorities  (17) 
have  gone  so  far  as  to  express  a  jireference  for  mills:  containing  cer- 
tain antiseptics,  especially  small  amounts  of  formaldehyde,  to  the 
germ-laden  milk  ordinarily  sujaplied  the  consumer  in  cities,  and,  for 
that  matter,  in  many  places  in  the  country  and  even  on  the  farm. 
The  following  communications  on  the  subject  of  impvire  and  dirty 
milk  contain  suggestions  of  great  practical  value: 

"  Impure  milk  and  its  evils,"  J.  H.  Atlee,  Traus.  Med.  Soc.  Tenn.  1897.  54-61. 

"  Tlie  clean-milk  problem,"  Winslow,  Northwest  Medicine,  Seattle,  1004,  II, 
.315-327. 

■'  Sources,  effects,  and  prevention  of  dirty  milk,"  Harrington,  Amer.  Jour.  Pub. 
Hyg.,  1904,  14,  31-55. 

"  Certitied  milk  and  tbe  general  milk  su[)ply  of  Louisville,"  Tuley,  Jour.  Amer. 
Med.  Assn.,  1907,  49,  1344-1349. 

Wliile  it  is  more  or  less  foreign  to  the  general  sco2:)e  of  this  com- 
munication to  discuss  the  economics  of  the  milk  question,  it  may 
not  be  amiss  to  jioint  out  that  the  production  of  clean,  wholesome 
milk  is  largely  a  matter  of  cost  and  education.  Medical  authorities 
and  practical  dairymen  and  milk  producers  have  alike,  and  more  or 
less  independently,  arrived  at  the  conclusion  that  clean,  cold  milk  of 
a  high  grade  of  purity  can  not  be  sold  to  the  consumer  at  less  than 
from  8  to  10  cents  a  quart,  and  that  in  a  number  of  instances  where 
the  production  of  such  milk  has  been  tried  it  had  only  a  limited 
sale  at  10  cents  per  quart,  on  account  of  the  general  apathy  of  even 
those  persons  well  able  to  afford  to  pay  this  price.  It  is  evident, 
therefore,  that  not  only  the  dairyman,  but  also  the  general  public, 
is  in  need  of  education  regarding  the  necessity  for  a  purer  milk 
supply.  It  is  also  evident  that  a  price  of  8  to  10  cents  a  quart 
probably  puts  milk  beyond  the  reach  of  the  poorer  classes.  There 
are  those  who  are  of  the  opinion  that  pure  high-grade  milk  can  not 
be  supplied  to  the  poorer  clas,ses  except  by  private  philanthropy  or 
municipal  aid. 

The  fact  that  the  Washington  milk  supply  is  practically  free  from 
preservatives  and  artificial  coloring  matters  is  one  point  in  its  favor. 
Thus  considerable  toward  its  purification  and  betterment  has  already 
been  acconiplishod  by  the  health  officer  of  the  District  by  the  strict 
enforcement  of  the  law  regulating  this  subject.  I  understand  that 
the  results  of  the  analyses  of  the  Washington  milk  supply  made  in 
the  health  office  and  the  Bureau  of  Chemistry,  U.  S.  Department  of 
Agriculture,  practically  confirm  the  results  reached  in  the  Division 
of  Chemistry  of  the  Hygienic  Laboratoiy  regarding  the  freedom  of 
the  milk  from  preservatives  and  artificial  coloring  matters. 
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Table  I. — Analyses  of  milk  sold  in  Washington  and  the  District  of  Columbia. 
IHygicnic  Laboratory,  Division  of  Chemistry.  July  5, 1907,  to  September 28, 1907,  inclusive.] 


No.  of 
sam- 
ple. 

Date. 

Specific 
gravity. 

Fat. 

Total 
solids. 

Solids 
not  fat. 

Ash. 

Milk 
sugar. 

Acidity. 

Sedi- 
ment. 

Ee- 
fracto- 
meter 
reading. 

1907. 

l.V 

July     5 
....do... 

1.0288 
1.0335 
1.0315 
1.0308 
1.0298 
1.0327 
1.030 
1.031 
1.  02515 
1.  0313 
1.030 
1.029 
1.032 
1.029 
1.033 
1.031 
1.031 

4.0 
3.8 
3.6 
3.5 
4.0 
3.3 
4.4 
4.25 
4.3 
4.0 
4.0 
3.7 
3.9 
3.8 
3.8 
2.8 
3.8 

14.11 
13.89 
11.83 
12.50 
12.94 
12.72 
14.20 
13.72 
12.88 
13.41 
12.49 
12.05 
8.97 
14.87 
13.59 
11.29 
12.54 

10.11 
10  09 
8.23 
9.0 
&94 
9.42 
9.8 
9.47 
&58 
9.41 
8.49 
8  35 
5.07 
11.07 
9.79 
8.49 
a  74 

0.58 
.62 
.637 
.62 
.60 
.66 
.65 
.62 
.70 
.81 
.64 
.61 
.68 
.67 
.60 
.64 
.71 

L'A 

3-V 

....do... 

4A 

....do... 

5A 

....do... 

6A 

....do... 

7A 

July     6 
....do... 

(<■) 
C) 

m 

None. 

m 

None. 

(") 
(°) 
None. 

8A 

9A 

....do... 

IDA 

....do... 

llA.... 

....do... 
July     8 
...-do... 

12A.... 

4  51 
490 
4  56 
499 
4  71 
468 

41.3 

13A.... 

HA.... 

....do... 

15A.... 

....do... 

16A.... 

....do... 
July     9 

41.0 

17A.... 

0.133 

42.2 

ISA.... 

....do... 

1.032 

3.15 

12.30 

9.15 

.70 

4  57 

.141 

(') 

41.5 

19A.... 

-...do... 

1.032 

4.8 

1410 

9.30 

.71 

4  06 

.153 

W 

43.0 

20A.... 

---.do... 

1.031 

44 

13.47 

9.07 

.65 

4  93 

.162 

C) 

41.7 

21A.... 

....do... 

1.  0315 

3.8 

12.40 

8.6 

.70 

4  70 

.155 

C) 

41.26 

22A .... 

July  ID 

1.030 

4.2 

1.5. 13 

10.93 

.71 

4  76 

.134 

W 

41.3 

23  A.... 

....do... 

1.031 

4.8 

13.87 

9.07 

.68 

4  59 

.137 

C) 

41.  5 

24  A.... 

.-..do... 

1.  0257 

3.1 

10.62 

7.52 

..57 

3.69 

.122 

('■) 

36.  5 

-'-.A.... 

---.do... 

1.030 

4.0 

12.68 

8.68 

.65 

4  67 

.141 

C) 

41.  5 

-V,A.... 

--..do... 

1.031 

3.8 

12.  a5 

8.55 

.63 

4  69 

.130 

None. 

41.  5 

■:7A.... 

July   11 

1.  0312 

4.4 

13.34 

a  94 

.73 

4  55 

.146 

W 

42.4 

28A.... 

....do... 

1.0294 

5.0 

13.83 

a83 

.65 

4  61 

.  185 

(.") 

42.2.5 

29A.... 

....do... 

1.031 

5  0 

14  35 

9.35 

.65 

490 

.158 

m 

43.2 

30A.... 

....do... 

1.  0328 

4.6 

14  00 

9.40 

.68 

4  83 

.  150 

(0 

43.5 

31A.... 

....do... 

1.031 

3.2 

12.31 

9.11 

.66 

4  03 

.141 

None. 

42.1 

32A.... 

July   12 

1.  033 

3.0 

13.00 

9.4 

.75 

4  91 

.  l.'-i7 

(0 

43.5 

33A.... 

-.--do... 

1.029 

r,.o 

13.30 

a  30 

.68 

3.97 

.135 

C) 

40.0 

34A .... 

-...do... 

l.Oil 

4.95 

12.23 

7.28 

.63 

4  40 

.137 

None. 

41.2 

3.')  A 

....do... 

1.  030 

3.8 

12.  60 

aa 

.60 

4  46 

.137 

C^) 

41.0 

36A.... 

....do... 

1.034 

3.5 

12.49 

a99 

.67 

5.05 

.140 

W 

42.5 

37A.... 

....do... 

1.031 

3.7 

12.92 

9.22 

.67 

490 

.157 

(') 

41.2 

3SA.... 

....do... 

1.029 

4.8 

12.48 

7.68 

.63 

4  74 

.130 

None. 

40.5 

39A.... 

....do... 

1.  0284 

4.4 

13.52 

9.12 

.70 

4  85 

.131 

(«•) 

41.0 

40A.... 

July  13 

1.030 

3.8 

12.83 

9.03 

.67 

4  76 

.135 

0.13 

40.5 

41A.... 

....do... 

1.033 

3.0 

12.  55 

9.55 

.59 

485 

.141 

.20 

41.2 

42A 

.-..do... 

1.030 

3.7 

12.  59 

a  89 

.58 

405 

.141 

Trace. 

40.0 

43  A.... 

-...do... 

l.a32 

4.2 

13.24 

9.04 

.62 

4  71 

.142 

.07 

41.3 

44A.... 

...do... 

1.  033 

4.6 

13.64 

9.04 

.55 

4  91 

.178 

.07 

42.5 

4.1  A.... 

July  ir, 

1.031 

4.6 

•  13.  78 

9.18 

.07 

4  62 

.144 

Trace. 

42.25 

*iA.... 

...do... 

1.033 

4.6 

14  37 

9.77 

.72 

4  60 

.137 

Trace. 

43.0 

47A.... 

July  \r, 

1.033 

4.4 

13.76 

9.30 

.65 

4.87 

.158 

.33 

40.5 

4SA<i... 

....do... 

1.030 

3.1 

11.73 

a  63 

.60 

4  09 

.142 

.13 

440 

49A'... 

-.-.do... 

1.0.33 

3.8 

13.0 

9.2 

.07 

4.93 

119 

.  oi; 

42.0 

» 

Slight. 

l>  Very  a 

ight. 

c  CoiisU 

.eruble. 

d  Vu 

1  of  dirt 

<Co 

itiiined  hi 

ir. 
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Table  I. — Analyses  of  milk  sold  in  Washington  and  the  District  of  Columbia — Cont'd. 


Re- 

No.  of 

sam- 
pie. 

Date. 

Specific 
gravity. 

Fat. 

Total 
solids. 

Solids 
not  fat. 

Ash. 

Milk 
sugar. 

Acidity. 

Sedi- 
ment. 

fracto- 
meter 
reading. 

1907. 

50A... 

July  15 

1.032 

3.0 

11.65 

S.65 

.61 

4.77 

.139 

.13 

42.0 

51An.. 

....do... 

1.032 

4.0 

13.44 

9.44 

.66 

5.40 

.148 

.13 

43.0 

52A... 

July  16 

1.030 

3.4 

12.31 

8.91 

.71 

4.78 

.142 

Trace. 

41.  25 

53A... 

....do... 

1.031 

4.0 

12.89 

8.89 

.69 

4.61 

.139 

Trace. 

41.0 

54A... 

....do... 

1.032 

3.8 

13.06 

9.26 

.69 

4.96 

.166 

.13 

43.0 

55A6.. 

....do... 

1.031 

3.1 

12.26 

9.16 

.70 

4.46 

.137 

.20 

42.0 

56A... 

....do... 

1.031 

4.2 

13.14 

8.94 

.67 

4.73 

.139 

.07 

42.0 

57A... 

....do... 

1.029 

2.4 

11.81 

9.41 

.61 

4.44 

.128 

.27 

39.0 

58A... 

....do... 

1.033 

4.6 

14.27 

9.07 

.67 

4.81 

.139 

Trace. 

42.5 

59A... 

July  17 

1.0285 

6.6 

12.89 

6.29 

.74 

4.66 

.15 

.07 

42.0 

60A... 

....do... 

1.0303 

4.2 

13.28 

9.08 

.73 

4.55 

.140 

Trace. 

40.5 

61  A... 

....do... 

1.0322 

4.2 

13.80 

9.60 

.73 

4.81 

.121 

Trace. 

41.4 

62A... 

....do... 

1.0312 

3.8 

13.12 

9.32 

.73 

4.50 

.138 

Trace. 

41.0 

63A... 

....do... 

1.0312 

4.6 

12.49 

7.89 

.72 

4.28 

.137 

Trace. 

42.0 

64A... 

....do... 

1.0281 

4.0 

11.86 

7.86 

.62 

4.12 

.139 

.33 

33.5 

65A.... 

....do... 

1.0323 

4.6 

14.20 

9.60 

.71 

4.90 

.142 

.20 

43.0 

66A... 

....do... 

1.0303 

5.6 

14.15 

8.55 

.68 

4.74 

.135 

.13 

41.5 

67a!.. 

July  18 

1.0289 

4.1 

12.37 

8.27 

.66 

4.30 

.139 

Trace. 

40.1 

68A... 

....do... 

1.029 

3.4 

11.59 

8.19 

.67 

4.51 

.130 

Trace. 

39.4 

69  A... 

....do... 

1.0326 

4.8 

15.06 

10.20 

.71 

4.29 

.158 

.07 

43.5 

70  A... 

....do... 

1.0275 

5.4 

13.13 

7.73 

.63 

4.31 

.126 

.20 

39.0 

71A... 

....do... 

1. 0315 

4.2 

13.24 

9.04 

.67 

4.75 

.146 

.13 

42.2 

72A... 

....do... 

1.0297 

5.8 

14.49 

8.69 

.66 

4.78 

.149 

.20 

41.2 

73A... 

July  19 

1.0324 

■   5.0 

14.07 

9.07 

.75 

4.56 

.144 

.07 

42.0 

74A... 

....do... 

1. 0315 

3.6 

12.34 

8.74 

.67 

4.75 

.137 

Trace. 

41.0 

75A.... 

....do... 

1.0312 

4.3 

13.55 

9.25 

.69 

4.61 

.140 

.20 

41.1 

76A 

....do... 

1.0323 

4.0 

13.16 

9.16 

.71 

4.94 

.135 

.33 

42.0 

77A.... 

....do... 

1.0314 

3.7 

12.68 

8.98 

.66 

4.73 

.142 

.33 

40.5 

78A.... 

....do... 

1.0263 

3.0 

10.12 

7.12 

.49 

3.77 

.177 

.07 

36.5 

79A... 

July  22 

1.0315 

3.2 

12.77 

9.57 

.71 

4.77 

.135 

.07 

41.3 

80A... 

....do... 

1.0319 

4.1 

13.02 

8.92 

.67 

4.48 

.137 

.26 

41.0 

81A... 

....do... 

1.0309 

4.6 

13.69 

9.09 

.65 

4.92 

.157 

Trace. 

41.7 

82A... 

....do... 

1.032 

3.4 

12.21 

8.81 

.70 

4.94 

.137 

.13 

41.5 

83A.... 

....do... 

1.0324 

4.3 

13.36 

9.  06 

.67 

4.93 

.142 

Trace. 

42.0 

84A . . . . 

....do... 

1.0313 

4.2 

12.61 

8.41 

.60 

4.63 

.146 

Trace. 

42.5 

8SA.... 

....do... 

1.0228 

9.2 

16.85 

7.  (B 

.52 

4.22 

.140 

.33 

39.5 

IB.... 

July  23 

1.0314 

3.6 

11.80 

8.2 

.65 

4.59 

.137 

Trace. 

41.0 

2B.... 

....do... 

1.032 

5.0 

14.27 

8.67 

.65 

4.94 

.146 

Trace. 

43.0 

3B.... 

....do... 

1.0278 

3.5 

12.81 

9.31 

.62 

4.18 

.121 

.07 

38. 5 

4B.... 

....do... 

1.0319 

4.0 

12.95 

8.35 

.68 

4.63 

.216 

.07 

41,5 

5B.... 

....do... 

1.0315 

5.4 

13.59 

8.19 

.67 

4.63 

.153 

Tratv. 

42.0 

6B.... 

....do... 

1.024 

8.0 

14.08 

6.08 

.58 

4.14 

.119 

Trace. 

37.8 

7B.... 

....do... 

1.029 

5.4 

12.83 

7.43 

.63 

4.68 

.169 

.13 

40.5 

8B.... 

July  24 

1.0301 

4.5 

13.21 

8.71 

.66 

4.90 

.130 

Trace. 

41.5 

9B.... 

....do... 

1.030 

5.8 

14.50 

8.70 

.66 

4.91 

.139 

None. 

41.5 

lOB.... 

....do... 

1.0327 

3.9 

12.00 

8.70 

.67 

5.00 

.139 

None. 

42.5 

UB.... 

....do... 

1.032 

4.8 

13.85 

9.05 

.60 

4.71 

.162 

Trace. 

42.0 

12B.... 

....do... 

1.0315 

3.8 

12.73 

8.93 

.658 

4.79 

.139 

.13 

41.7 

13B.... 

....do... 

1.0305 

4.4 

12.75 

8.35 

.07 

4.78 

.133 

.07 

41.0 

14B.... 

....do... 

1.  0315 

3.8 

12.59 

8.79 

.67 

4.48 

.137 

.07 

41.5 

18B.... 

July  24 

1.0315 

4.3 

12.84 

8.54 

.67 

4.75 

.131 

Trace. 

41.1 

1«B.... 

July  25 

1.032 

a  riecc.-i 

4.4 

nl  8tra\ 

12.79 

8.39 

.  66 
I:  Lart 

4.  69 

!•  biiiok 

.140 
xirticlos. 

.33 

42.0 
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Table  I. — Analyses  of  milk  sold  in  Washington  and  the  District  of  Columbia — Cont'd. 


No.  of 
sam- 
ple. 

Date. 

Specific 
gravity. 

Fat. 

Total 
solids. 

Solids 
not  fat. 

Ash. 

Milk 

sugar. 

Acidity. 

Sedi- 
ment. 

Re- 
fracto- 

meter 
reading. 

1907. 

17B.... 

July  25 

1.0303 

7.2 

15.44 

8.24 

.69 

4.53 

.151 

.13 

41.5 

18B.... 

....do... 

1.0313 

4.8 

12.96 

8.16 

.66 

4.90 

.138 

Trace. 

42.0 

19B.... 

....do... 

1. 0324 

5.0 

13.92 

8.92 

.67 

5.04 

.155 

.13 

42.5 

20B...- 

....do... 

1.0285 

7.6 

15.00 

7.40 

.59 

4.82 

.133 

Trace. 

42.1 

21B...- 

....do... 

1.0329 

.5.4 

13.78 

8.38 

.68 

4.87 

.137 

.07 

41.0 

22B.... 

....do... 

1.0309 

4.8 

12.71 

7.91 

.71 

4.69 

.159 

None. 

41.2 

23B.... 

....do... 

1.034 

4.6 

12.90 

8.30 

.67 

5.09 

.157 

.33 

43.0 

243.... 

July  26 

1.0316 

3.4 

12.84 

9.44 

.70 

5.04 

.148 

.07 

42.0 

25B.... 

....do... 

1.0316 

3.5 

12.13 

8.63 

.68 

4.88 

.137 

.07 

41.0 

26B.... 

....do... 

1.0277 

3.8 

11.61 

7.81 

.58 

4.20 

.119 

.20 

39.0 

27B.... 

....do... 

1.0317 

4.8 

13.82 

9.02 

.67 

4.92 

.153 

Trace. 

40.0 

28B.... 

....do... 

1.0299 

3.5 

11.67 

8.17 

.66 

4.49 

.155 

.07 

40.0 

29B.... 

....do... 

1.0278 

4.8 

12.30 

7.50 

.48 

4.20 

.241 

Trace. 

39.0 

30B.... 

....do... 

1.030 

3.4 

11.63 

8.23 

.61 

4.43 

.146 

Trace. 

40.0 

32B.... 

July  29 

1.0309 

5.7 

15.68 

9.98 

.69 

4.86 

.133 

.33 

41.5 

33B.... 

....do... 

1.0318 

3.4 

12.40 

9.00 

.70 

4.52 

.155 

.20 

41.5 

34B.... 

....do... 

1.0323 

4.3 

14.07 

9.77 

.73 

4.90 

.157 

.13 

42.0 

35B.... 

....do... 

1.0314 

3.5 

12.43 

8.93 

.68 

4.63 

.150 

.26 

41.0 

36B.... 

...do... 

1.0316 

4.2 

13.79 

9.59 

.74 

4.94 

.148 

.13 

42.5 

37B.... 

....do... 

1.0326 

3.4 

12.78 

9.38 

.72 

5.00 

.158 

.26 

42.2 

38B.... 

....do... 

1.0315 

4.0 

13.20 

9.20 

.72 

4.59 

.173 

.20 

41.5 

39B.... 

....do... 

1.0327 

3.8 

13.15 

9.35 

.71 

5.06 

.158 

Trace. 

42.0 

40B.... 

July  30 

1.033 

5.0 

15.51 

10.51 

.70 

4.85 

.145 

.07 

42.2 

41B.... 

...do... 

1.0316 

4.8 

14.67 

9.87 

.63 

5.00 

.144 

Trace. 

41.5 

42B.... 

....do... 

1.0312 

4.0 

13.40 

9.40 

.67 

4.66 

.167 

.07 

•10.5 

43Bn... 

....do... 

1.0.301 

4.8 

14.73 

9.93 

.65 

.5.11 

.153 

Trace. 

42.0 

44B.... 

....do... 

1.0301 

3.5 

13  09 

9.59 

.68 

4.55 

.133 

.70 

41.5 

4f.B.... 

....do... 

1.0305 

4.4 

13.06 

8.66 

.66 

4.44 

.150 

.33 

■'.1.0 

49B . . . . 

July  31 

1.0323 

4.0 

14.38 

9.78 

.68 

5.06 

.166 

.13 

42.0 

SOB.... 

....do... 

1.0306 

5.0 

13.91 

8.91 

.68 

4.86 

.141 

.07 

41.0 

51B.... 

....do... 

1.0325 

3.5 

12.59 

9.09 

.67 

4.83 

.184 

Trace. 

40.0 

52B.... 

....do... 

1.0306 

4.0 

12.78 

8.78 

.70 

5.03 

.169 

.07 

40.3 

53B.... 

....do... 

1.0316 

3.8 

13.90 

10.10 

.67 

4.90 

.155 

Trace. 

40.7 

54B.... 

Aug.    1 

1.028S 

4.2 

12.40 

8.20 

.57 

4.51 

.146 

.07 

.39.0 

.MB.... 

....do... 

1.0306 

4.8 

13.33 

8.53 

.61 

4.74 

.131 

.07 

40.2 

56B1'... 

....do... 

1.0288 

3.1 

10.81 

7.71 

.54 

4.77 

.139 

Trace. 

.38.3 

S7Be... 

....do... 

1.0298 

4.4 

12.85 

8.45 

.63 

4.72 

.131 

.20 

40.5 

S8B.... 

....do... 

1.0279 

5.5 

12.82 

7.32 

.63 

4.24 

.142 

Trace. 

.39. 1 

59B.... 

....do... 

1.0315 

3.8 

12.50 

8.70 

.62 

4.81 

.131 

.13 

41.0 

(MB.... 

....do... 

1.0305 

5.3 

13.60 

8.30 

.66 

4.77 

.140 

None. 

41.0 

illB.... 

....do... 

1.030 

3.1 

11.36 

8.26 

.61 

4.60 

.133 

39.3 

ii2B.... 

Aug.    2 

1.0339 

4.0 

13.29 

9.29 

.72 

4.91 

.176 

Trace. 

42.0 

ti3B.... 

....do... 

1. 0316 

4.7 

13.14 

8.44 

.69 

4.91 

.146 

.07 

41.0 

«4B.... 

....do... 

1.0305 

3.8 

12.24 

8.44 

.67 

4.70 

.144 

.13 

40.1 

tiSB 

....do... 

1.0306 

2.6 

10. 77 

8.17 

.64 

4.47 

.158 

39.0 

60B.... 

...do... 

1.0288 

3.6 

11.03 

7.43 

.58 

4.39 

.130 

None. 

39.0 

67B.... 

....do... 

1.0317 

4.4 

13.01 

8.61 

.65 

4.81 

.148 

.07 

41.0 

68B.... 

....do... 

1.031 

4.0 

13.  57 

9.57 

.67 

4.72 

.146 

None. 

41.2 

(19B.... 

....do... 

1.031 

4.6 

13.03 

8.43 

.69 

4.70 

.149 

Trace. 

41.5 

708.... 

Aug.  a 

1.0317 

3.3 

12.  61 

9.31 

.70 

4.93 

.157 

.07 

41.5 

7IB.... 

....do... 

1.0316 

4.5 

13.  31 

8.81 

.69 

4.72 

.144 

.13 

42.0 

72U.... 

....do... 

1.0.325 

4.4 

13.28 

8.88 

.70 

4.87 

.149 

Trace. 

41.8 

J  Two  dead  flies. 


I>  Uottd  tly. 
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408 


Table 

I. — Analyses  of 

milk  sold  in  Washington 

and  th 

;  District  of  Columbia — 

Cont'd. 

No.  of 
sam- 
ple. 

Date. 

Specific 
gravity. 

Fat. 

Total 
solids. 

Sblida 
not  lat. 

Ash. 

Milk 
sugar. 

Acidity. 

Sedi- 
ment. 

Re- 

fracto- 
metor 
reading. 

1907. 

73B... 

Aug.    5 

1.0316 

4.0 

12.71 

8.71 

.68 

4.74 

.155 

.07 

41.0 

74B... 

....do... 

1. 0327 

3.4 

12.38 

8.98 

.72 

4.51 

.144 

Trace. 

41.2 

75B... 

....do... 

1.0309 

4.2 

12.74 

8.54 

.63 

4.74 

.128 

Trace. 

41.0 

70B... 

....do... 

1.031 

5.5 

14.05 

8.55 

.69 

4.70 

.137 

.07 

41.0 

77Ba. 

....do... 

1, 0319 

3.6 

12.52 

8.92 

.64 

4.77 

.164 

Trace. 

41.5 

78B... 

Aug.    6 

1.0313 

3.8 

13.43 

9.63 

.75 

5.12 

.167 

None. 

41.0 

79B... 

....do... 

1.030 

4.2 

11.92 

7.72 

.61 

4.85 

.133 

.07 

39.0 

803... 

....do... 

1.0309 

5.5 

14.39 

8.89 

.64 

5.05 

.157 

.13 

42.0 

SIB... 

....do... 

1.0269 

4.8 

11.84 

7.04 

.54 

4.20 

.117 

.13 

39.0 

82B... 

....do... 

1.0305 

3.6 

12.20 

8.60 

.62 

4.60 

.142 

.20 

40.0 

83B... 

.-..do... 

1.0289 

4.0 

12.05 

8.05 

.58 

4.32 

.146 

.07 

39.0 

84B... 

.-..do... 

1.0269 

3.0 

10.25 

7.25 

.53 

3.95 

.130 

.13 

36.5 

853... 

....do... 

1.031 

5.2 

13.62 

8.42 

.73 

4.18 

.131 

.07 

41.0 

86B... 

Aug.    7 

1.0325 

4.7 

13.54 

8.84 

.64 

4.79 

.160 

.13 

41.5 

87B... 

....do... 

1.0327 

5.9 

15.31 

9.41 

.64 

5.08 

.166 

.07 

43.0 

88B... 

....do... 

1.0308 

3.7 

12.30 

8.00 

.63 

4.81 

.150 

.07 

40.3 

89B... 

....do... 

1.032 

4.2 

13.00 

8.80 

.63 

4.77 

.1.58 

Trace. 

41.2 

90B... 

....do... 

1.0325 

3.8 

12.83 

9.03 

.61 

4.87 

.167 

Trace. 

42.0 

913... 

....do... 

1.031 

5.3 

13.67 

8.37 

.68 

4.49 

.205 

.13 

41.2 

923... 

....do... 

1.032 

4.3 

12.88 

8.58 

.65 

4.64 

.167 

.07 

41.  S 

933... 

....do... 

1.031 

4.0 

12.45 

8.45 

.73 

4.81 

.135 

Trace. 

41.0 

94B... 

Aug.    8 

1.0313 

4.6 

13.48 

8.88 

.70 

4.66 

.149 

.07 

40.5 

953... 

....do... 

1.0291 

4.8 

13.21 

8.41 

.58 

4.49 

.137 

Trace. 

38.5 

963... 

...do... 

1.0322 

4.6 

13.64 

9.04 

.65 

5.01 

.159 

.13 

41.0 

973... 

....do... 

1.0332 

4.2 

13.42 

9.22 

.65 

5.18 

.153 

Trace. 

42.0 

983... 

....do... 

1.0313 

4.3 

12.91 

8.61 

.65 

4.83 

.137 

Trace. 

41.0 

993... 

....do... 

1.0335 

3.4 

12.30 

8.90 

.68 

4.77 

.151 

.07 

42.0 

lOOB.. 

....do... 

1.0305 

4.5 

13.05 

8.55 

.69 

4.70 

.151 

.13 

41.0 

lOlB.. 

....do... 

1.0326 

4.4 

13.04 

8.64 

.65 

5.10 

.149 

.20 

42.0 

1023.. 

Aug.    9 

1.0332 

4.4 

13.49 

9.09 

.68 

4.87 

.153 

Trace. 

42.5 

1033.. 

....do... 

1.0308 

4.2 

12.67 

8.47 

.61 

4.43 

.142 

.07 

40.0 

104B.. 

....do... 

1.0319 

4.2 

13.20 

9.00 

.62 

4.32 

.149 

.07 

40.  S 

1053.. 

....do... 

1.0315 

4.1 

13.12 

9.02 

.70 

4.68 

.144 

Trace. 

41.0 

1063.. 

....do... 

1.031 

3.4 

12.09 

8.69 

.65 

4.74 

.155 

.07 

41.0 

1073.. 

....do... 

1.031 

4.6 

13.39 

8.79 

.63 

4.74 

.148 

None. 

41.0 

1083.. 

....do... 

1.0315 

3.4 

12.95 

9.55 

.04 

4.60 

.158 

.07 

41.1 

1093.. 

....do... 

1.0301 

4.3 

11.59 

7.29 

.66 

4.28 

.130 

.07 

40.0 

llOBi' 

Aug.  12 

1.0303 

3.8 

11.79 

7.99 

.62 

4.79 

.230 

Trace. 

40.0 

1113.. 

....do... 

1.0314 

3.8 

12.43 

8.63 

.66 

4.83 

.157 

.07 

41.0 

1123.. 

....do... 

1.0314 

3.6 

12.44 

8.84 

.62 

4.79 

.149 

.07 

40.0 

1133.. 

....do... 

1.0314 

7.0 

14.92 

7.92 

.71 

4.62 

.139 

.33 

41.0 

1143.. 

....do... 

1.0253 

5.9 

14.06 

8.16 

.59 

4.20 

.131 

.20 

3S.0 

1153.. 

....do... 

1.0329 

4.4 

13.29 

8.89 

.67 

4.77 

.148 

.07 

41.5 

1163.. 

....do... 
....do... 

1.0317 
1.0327 

3.6 
4.2 

12.14 
13.41 

8.54 
9.21 

.61 
.51 

4.70 
6.16 

.158 
.167 

41.0 

1173.. 

.33 

42.0 

1193.. 

Aug.  13 

1.0271 

2.9 

10.46 

7,56 

.64 

3.97 

.129 

.07 

36.5 

1203.. 

....do... 

1.032 

4.0 

12.99 

8.99 

.69 

4.91 

.151 

Trace. 

40.1 

121  3  <. . 

....do... 

1.031 

4.1 

12.58 

8.48 

.70 

4.74 

.139 

None. 

39.  S 

1223.. 

....do... 

1.033 

4.6 

13.74 

9.14 

.73 

4.79 

.146 

None. 

42.0 

123B.. 

'....do... 

1.030 

4.0 

12.71 

8.71 

.72 

4.54 

.146 

.20 

41.5 

124B.. 

....do... 

1.0312 

3.8 

13.13 

9.33 

.75 

4.74 

.144 

.13 

410 

1263.. 

....do... 

1.0301 

4.2 

12.88 

8. 68 

.71 

4.99 

.133 

None. 

41.0 

"I 

I  air. 

Contalno 

d  feocH. 

cCo 

itttlncd  gr 

VBS. 
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Table  I. — Analyses  of  milk  sold  in  IVashinyton  and  the  District  of  Columbia — Cont'd. 


No.  of 
sam- 
ple. 

Date. 

Specific 
gravity. 

Fat. 

Total 
soUds. 

Solids 
not  fat. 

Ash. 

Milk 
sugar. 

Acidity. 

Sedi- 
ment. 

Ee- 
Iracto- 
meter 
reading. 

1907. 

mB... 

Aug.  14 

1. 0298 

4.2 

12.07 

8.47 

.65 

4.64 

.158 

.13 

41.0 

128B... 

....do... 

1.0314 

4.0 

13.04 

9.04 

.70 

4.87 

.162 

.33 

41.5 

129B... 

do... 

1.0303 

5.0 

14.07 

9.07 

.64 

4.87 

.140 

Trace. 

41.0 

130B... 

....do... 

1.030 

3.5 

12.10 

8.60 

.66 

4.64 

.149 

.07 

40.0 

131B... 

....do... 

1. 0294 

4.8 

13.36 

8.56 

.63 

4.81 

.158 

.27 

41.0 

132B... 

....do... 

1.0285 

6.8 

14.83 

8.03 

.62 

4.22 

.204 

.13 

42.0 

133B... 

Aug.  14 

1. 0332 

4.0 

13.39 

9.39 

.69 

4.66 

.144 

Trace. 

43.0 

134B... 

....do... 

1.0215 

19.0 

21.79 

2.79 

.57 

4  77 

.157 

.33 

42.5 

135B... 

Aug.  15 

1.0308 

3.6 

12.03 

8.43 

.68 

4.70 

.144 

.13 

40.0 

136B... 

....do... 

1.0285 

3.6 

12.18 

8.58 

.69 

4.62 

.166 

.07 

40.2 

137B... 

....do... 

1. 0314 

4.4 

12.24 

7.84 

.62 

4.39 

.122 

.20 

38.5 

138B... 

....do... 

1.0296 

2.6 

10.  3U 

7.70 

.66 

4.64 

.140 

38.0 

139B... 

....do... 

1.0315 

3.5 

12.27 

8.77 

.71 

4.60 

.140 

.33 

40.0 

140B... 

....do... 

1. 0325 

4.5 

13.27 

8.77 

.72 

4.87 

.160 

42.0 

HIB... 

....do... 

1. 0312 

4.4 

13.06 

8.63 

.07 

4.74 

.171 

41.8 

142B... 

...do... 

1. 0298 

3.6 

11.69 

8.09 

.62 

4.74 

.142 

40.0 

144Ba  . 

Aug.  16 

1.0271 

8.7 

16.59 

7.89 

.60 

4.41 

.173 

.13 

41.0 

145B... 

....do... 

1.0327 

4.4 

13.67 

9.27 

.62 

5.23 

.166 

None. 

42.0 

146B... 

....do... 

1.0327 

5.4 

14.62 

9.22 

.66 

5.23 

.142 

.26 

42.0 

147BI>.. 

....do... 

1.0339 

4.0 

13.44 

9.44 

.62 

5.18 

.166 

.13 

42.2 

HSBc. 

....do... 

1.0278 

3.6 

11.65 

8.05 

.55 

4.74 

.131 

Trace. 

41.5 

H9B... 

....do... 

1.0308 

4.2 

12.73 

8.53 

.65 

4.91 

.142 

Trace. 

39.0 

150B... 

....do... 

1.  0298 

4.4 

12.78 

8.38 

.51 

4.64 

.146 

.13 

39.0 

152B... 

....do... 

1.0299 

4.7 

12.72 

8.02 

.54 

4.72 

.149 

.0? 

39.2 

153B... 

Aug.  19 

1.0305 

3.8 

12.51 

8.71 

.65 

4.83 

.142 

.0/ 

41.2 

154BO.. 

....do... 

1.0293 

4.2 

12.40 

8.20 

.654 

4.54 

.248 

.13 

40.6 

155BU.. 

....do... 

1.0314 

3.6 

12.48 

8.88 

.66 

4.74 

.144 

.13 

40.3 

15«B... 

....do... 

1.0294 

3.6 

11.88 

8.28 

.60 

4.66 

.142 

.07 

40.0 

157B... 

....do... 

1.0305 

3.8 

12.24 

8.44 

.716 

4.72 

.133 

Trace. 

39.0 

158B... 

....do... 

1.0286 

3.8 

11.31 

7.51 

.57 

4.41 

.135 

.07 

40.0 

159B... 

....do... 

1.0315 

3.6 

12.426 

8.826 

.67 

4.72 

.148 

.13 

41.0 

160B... 

....do... 

1.0315 

3.6 

12.45 

8.85 

.638 

4.91 

.161 

.07 

42.0 

161B... 

Aug.  20 

1.032 

3.7 

12.  46 

8.76 

.66 

5.08 

.163 

.07 

41.0 

162B... 

....do... 

1.032 

4.6 

!,■?.  66 

9.06 

.70 

4.95 

.144 

.20 

41.2 

I63B... 

....do... 

1.033 

4.4 

1.3.  31 

8.91 

.694 

5.08 

.157 

.07 

42.0 

I64B... 

....do... 

1.0315 

4.2 

13.  12 

8.92 

.714 

4.97 

.149 

Trace. 

41.5 

165B... 

....do... 

1. 032 

3.8 

12.926 

9.126 

.716 

4.89 

.153 

.53 

41.0 

l(i6B... 

....do... 

1.033 

4.6 

13.  54 

8.94 

.66 

5.14 

.135 

.07 

42.0 

I67B... 

....do... 

1.031 

4.2 

12.71 

8.51 

.69 

4.87 

.131 

.07 

40.8 

108B... 

....do... 

1.030 

5.3 

13.67 

8.37 

.69 

4.93 

.140 

None. 

41.0 

169Ba.. 

Aug.  21 

1.0299 

4.0 

12.70 

8.70 

.73 

4.45 

.139 

.20 

40.0 

171B... 

....do... 

1.031 

4.1 

13. 15 

9.05 

.71 

4.97 

.140 

.07 

41.0 

172B... 

....do... 

1.0325 

3.8 

13.04 

9.24 

.66 

5.10 

.149 

.13 

41.0 

173B... 

....do... 

1.031 

3.0 

12.07 

9.07 

.67 

4.70 

.139 

.40 

40.2 

174B... 

....do... 

1.031 

3.6 

12.70 

9.10 

.70 

5.03 

.161 

.07 

40.6 

175B... 

....do... 

1.0308 

3.8 

12.58 

8.78 

.72 

4.77 

.139 

Trace. 

41.0 

176B... 

....do.. 

1.0268 

5.3 

13.66 

8.36 

.53 

4.49 

.165 

Trace. 

39.0 

17SB... 

Aug.  22 

1.031 

6.1 

14.88 

8.78 

.65 

5.01 

.133 

.07 

43.0 

179B... 

....do.. 

1.035 

4.8 

14.27 

9.47 

.69 

6.33 

.190 

Trace. 

42.3 

180B... 

....do.. 

1.0306 

4.7 

13.11 

8.41 

.63 

4.91 

.133 

Trace. 

41..'' 

181B6.. 

....do.. 

1.0316 

4.2 

12.83 

8.63 

.68 

5.12 

.173 

Trace. 

42.2 

1  hair. 


c  stale  milk  in  bottle,      i  Blue  aubstance  In  bottle. 
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Table  I. — Analyses  of  milk  sold  in  Washington  and  the  District  of  Columbia — Cont'd. 


No.  of 

sam- 
ple. 

Date. 

Specific 

gravity. 

Fat. 

Total 
solids. 

Solids 
not  lat. 

Ash. 

Milk 
sugar. 

Acidity, 

Sedi- 
ment. 

Re- 

fracto- 
meter 
reading. 

1907. 

182B... 

Aug.  22 

1.0302 

5,4 

14.13 

8.73 

.66 

4.87 

.158 

.13 

42.0 

183B... 

....do... 

1.0308 

4.3 

12. 474 

8.174 

.654 

4  62 

.142 

.07 

40.5 

184B... 

....do... 

1.0321 

4.2 

12.90 

8.70 

.69 

4  74 

.148 

.07 

40.8 

1S5B... 

....do... 

1.0312 

3.8 

12.44 

8.04 

.69 

4  81 

.148 

.13 

41.0 

186B... 

Aug.  23 

1.033S 

.  4.0 

13.088 

9.088 

.72 

499 

.153 

Trace. 

42.0 

187B... 

....do... 

1.0298 

4.2 

12.658 

8.458 

.67 

4  70 

.142 

.07 

40.1 

188B... 

....do... 

1.0313 

4.0 

12.76 

8.76 

.69 

4  66 

.149 

.07 

40.2 

189B... 

....do... 

1.0309 

3.8 

12.16 

8.36 

.69 

4  70 

.198 

.13 

40.5 

190B... 

....do... 

1.032 

4.8 

13.634 

8.834 

.77 

4  91 

.146 

.13 

40.5 

191B... 

....do... 

1.0306 

4.8 

12.96 

8.16 

.70 

4  22 

.106 

.26 

42,0 

192Ba.. 

Aug.  23 

1.0255 

6.0 

12.38 

6.38 

.60 

3.91 

.130 

.07 

3,S.O 

193B... 

....do... 

1. 0321 

4.2 

12.90 

8.70 

.67 

4  83 

.149 

41.0 

194B.-. 

Aug.  26 

1.0294 

4.6 

12.54 

7.94 

.67 

.135 

.26 

39.0 

195B... 

....do... 

1.0325 

4.4 

13.33 

8.93 

.74 

.149 

.33 

40.0 

196B6.. 

....do...       1.035 

5.7 

14.37 

8.67 

.70 

.160 

Trace. 

41.0 

197B... 

....do... 

1.0326 

4.0 

12.91 

8.91 

.72 

.151 

.07 

41.0 

198B  c.. 

....do... 

1.0318 

5.0 

14.03 

9.03 

.70 

.135 

.08 

41.2 

199B... 

....do... 

1.033 

4.2 

13.59 

9.39 

.69 

.189 

Trace. 

42.0 

200B... 

....do... 

1.031 

5.6 

14.26 

8.66 

.57 

.165 

None. 

41.8 

201B... 

....do... 

1.0314 

4.0 

12.68 

8.68 

.68 

.140 

.20 

41.5 

202B... 

Aug.  27 

1.0305 

4.0 

12.63 

8.63 

.70 

.156 

.07 

40.2 

203B<!.. 

....do... 

1.0287 

3.8 

11.67 

7.87 

.66 

.120 

.33 

40.0 

204B... 

.   ..do... 

1. 0315 

4.4 

13.17 

8.77 

.66 

.144 

.07 

42.0 

205B... 

.do... 

1.0325 

3.9 

13.15 

9.25 

.71 

.171 

.13 

42.5 

206B.. 

.-..do... 

1.0305 

4.0 

12.54 

8.54 

.71 

.140 

.07 

40.5 

207B... 

....do... 

1.0305 

4.0 

12.73 

8.73 

.61 

.151 

.13 

41.0 

208B... 

....do... 

1.0317 

5.0 

14.04 

9.04 

.76 

.182 

Trace. 

42.0 

209B... 

....do... 

1.0291 

3.8 

12.01 

8.21 

.67 

.149 

.20 

41.0 

210B... 

Aug.  28 

1.0294 

6.3 

13.94 

7.64 

.79 

.157 

None. 

40.5 

211B... 

....do... 

1.0308 

5.0 

12.75 

7.75 

.69 

.153 

.13 

40.1 

212B... 

....do... 

1.0283 

4.6 

11.78 

7.18 

.59 

.137 

Trace. 

39.0 

213B--. 

....do... 

1.0314 

6.0 

13.99 

7.99 

.68 

.144 

None. 

41.0 

214B... 

....do... 

1.0319 

4.6 

13.00 

8.40 

.71 

.146 

.07 

41.0 

215B  '.. 

....do... 

1.0304 

5.2 

12.99 

7.79 

.71 

.148 

.13 

40.0 

2l6Bd.. 

....do... 

1.0314 

5.6 

13.56 

7.96 

.76 

.155 

.13 

41,0 

217B... 

....do... 

1.0280 

4.3 

11.73 

7.43 

.63 

.155 

3'.1,  I 

218B... 

Aug.  29 

1.031 

4.5 

13.35 

ass 

.149 

.07 

41.5 

219B . . . 

....do... 
....do... 

1.031 
1.0325 

3.4 
3.5 

11.92 
12.31 

8.52 

8.81 

.142 
.149 

.07 
.07 

40.5 

220B/.. 

.73 

41.5 

221B... 

....do... 

1.0307 

4.0 

12.20 

8,20 

.69 

.124 

Trace. 

41.0 

222B... 

....do... 

1.0295 

3.2 

11.19 

7.99 

.66 

.126 

.07 

39.2 

223B... 

....do... 

1.0309 

4.0 

12.72 

8.72 

.69 

.149 

.07 

41.0 

224B... 

....do... 

1. 0308 

4.6 

13.49 

8.89 

.65 

.157 

Trace. 

41.5 

225B... 

....do... 

1.0309 

4.9 

13.75 

8.85 

.70 

.139 

Trace. 

42.0 

226B... 

Aug.  30 

1.031 

4.6 

13.24 

8.64 

.72 

.156 

.07 

41.0 

227B... 

....do... 

1.0294 

4.5 

12.47 

7.97 

.66 

.125 

.07 

30.0 

228B... 

....do... 

1.0315 

4.2 

12.74 

8.54 

.70 

.129. 

.33 

40.1 

229B... 

....do... 

1.033 

4.2 

12.03 

7.83 

.68 

.149 

Trace. 

41.0 

230B... 

....do... 

1.030 

3.0 

11.87 

8.87 

.67 

.131 

.13 

40.0 

231B... 

,...do... 

1.0319 

3.8 

12.47 

8.67 

.69 

.135 

.07 

40.1 

232B... 

....do... 

1.0334 

4.0 

13.20 

9.20 

.72 

.158 

Trace. 

42,  0 
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Table  I. — Analyses  of  milk  sold  in  Washington  and  the  District  of  Columbia — Cont'd. 


No.  of 

Date. 

Speoiflo 
gravity. 

Fat. 

1907. 

233B... 

Aug.  30 

1.030 

5.0 

234B... 

Sept.   3 

1.0323 

3.5 

235B».. 

....do... 

1.0323 

4.1 

236B... 

....do... 

1.0317 

4.5 

237B  <... 

....do... 

1.0308 

5.0 

238B... 

....do... 

1.0327 

4.4 

239B... 

....do... 

1.0317 

4.9 

240B».. 

....do... 

1.0311 

4.4 

241B".. 

....do... 

1.0313 

4.2 

242B... 

Sept.    4 

1.0305 

4.7 

243B... 

....do... 

1.0309 

4.1 

244B... 

....do... 

1.032 

4.0 

245B... 

....do... 

1.0327 

4.2 

246B... 

....do... 

1.033 

5.2 

247B . . . 

....do... 

1. 0315 

3.6 

248B... 

....do... 

1.031 

3.5 

249B... 

....do... 

1. 0327 

3.8 

251B... 

Sept.    5 

1.0281 

3.8 

252B  i>  . 

....do... 

1.0334 

4.0 

253B... 

....do... 

1.029 

3.4 

254B... 

....do... 

1.032 
1.032 

3.8 
4.4 

255B... 

....do... 

256B... 

....do... 

1.033 

4.8 

257B... 

....do... 

1.031 
1.028 

3.4 
3.8 

2o8B... 

....do... 

259B... 

Sept.    IJ 

1.032 

3.6 

260B..- 

....do... 

1.0325 

4.3 

261B... 

....do... 

1.0295 

3.4 

262B... 

....do... 

1.0314 

4.6 

263B... 

....do... 

1.0326 

3.6 

264B... 

....do... 

1.0296 

3.9 

265B... 

....do... 

1.0315 

4.1 

266B... 

....do... 

1.031 

4.6 

267B... 

Sept.   9 

1.0323 

3.8 

268B... 

....do... 

1.033 

.3.8 

269B... 

....do... 

1.U335 

3.9 

270B... 

....do... 

1.027B 
1.032 
1.0329 
1,033 

3.6 
3.6 
4.0 
3.8 

271B... 

....do... 

272B. 

do 

273B... 

....do... 

274B... 

....do... 

1.031 

4.8 

275B... 

Sept.  10 

1.0334 

3.0 

276B... 

....do... 

1.0324 
1.0325 

4.0 
4.2 

277B... 

....do... 

278B... 

....do... 

1.0316 

3.5 

27»B... 

....do... 

1.0305 

3.B 

280BC  . 

....do.. 

1.031 

4.4 

281B... 

....do.. 

1.0333 

3.2 

285B... 

Sept.  11 

1.0334 

3.6 

28eB... 

....do.. 

1.0325 

4.2 

287B.. 

....do.. 

1.0308 

3.2 

288B... 

....do.. 

1.0323 

3.5 

13.28 
12.27 
12.99 
13.32 
13.70 
13.45 
13.95 
13.05 
12.86 
13.26 
12.  64 
13.05 
13.21 
14.39 
12.19 
11.95 
12.74 
11.60 
13.15 
11.33 
12.68 
13.40 
13.91 
11.83 
11.35 
12.44 
13.41 
11.40 
13.37 
12.47 
12.08 
12.80 
13.27 
12.  73 
12.81 
13.05 
11.36 
12.  ,32 
13.02 
12.81 
13.51 
11.95 
12.90 
13.16 
12.10 
11.94 
12.55 
12.16 
12.57 

ai9 

11.77 
12.27 


8.70 
9.05 
9.05 
8.65 
8.66 
8.56 
8.54 
9.05 
9.01 
9.19 
8.59 
8.45 
8.94 


9.00 
9.11 
8.43 
7.55 
S.84 
9.11 
8.00 
8.77 
8.87 
8.18 
8.70 
8.67 
8.93 
9,01 
9,15 
7,76 
8,72 
9,02 
9,01 
8,71 
8.95 


8.96 
8.60 
8.34 
8.15 
8.96 
8.97 


•  Stale  milk  In  bottle. 


8.57 
8.77 
6  Dead  11  y 


Milk 
sugar. 


Trace. 
Trace. 


.178 

Trace. 

.135 

Trace. 

.173 

.07 

.135 

.07 

.162 

Trace. 

.228 

Trace. 

.144 

.07 

.140 

Trace. 

.124 

.13 

.162 

Trace. 

.142 

.60 

.142 

.13 

.135 

None. 

.144 

.07 

.136 

None. 

.128 

None. 

Trace. 
Trace. 


Trace. 
Trace. 


.409 

Trace, 

.151 

Trace. 

.139 

None. 

.146 

Trace. 

.149 

,07 

,164 

None, 

.160 

Trace. 

.142 

Trace. 

.180 

None. 

milk  in 

bottle. 
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Table  I. — Analyses  of  milk  sold  in  Washington  and  the  District  of  Columbia — Cont'd. 


No.  of 
sam- 
ple. 


Sept.  12 


...do... 
...do... 
...do... 
...do... 
Sept.  13 


...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
Sept.  16 
...do... 
Sept.  16 
...do... 
...do... 
...do... 


Sept. 18 


...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
Sept.  19 
...do... 


...do... 
...do... 
...do... 
...do... 
...do... 
Sept.  20 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 


Specific 
gravity. 

Fat. 

1.0325 

4.4 

1. 0271 

3.0 

1.0327 

3.6 

1.0325 

4.6 

1.033 

3.2 

1.0298 

3.5 

1.0325 

3.7 

1.032 

4.4 

1.0276 

5.8 

1.0275 

4.0 

1.032 

3.8 

1.029 

3.6 

1.0325 

4.4 

1.0321 

4.0 

1.0311 

4.2 

1.0317 

3.7 

1.0328 

4.2 

1. 0279 

4.8 

1.030 

4.4 

1.030 

3.8 

1.026 

8.9 

1.031 

3.8 

1.02C 

3.2 

1.035 

2.6 

1.0336 

3.5 

1.030 

4.2 

1.031 

4.5 

1.0321 

5.0 

1.031 

4.6 

1.0291 

.3.8 

1.0281 

3.6 

1.0293 

.5.0 

1.0319 

3.8 

1.0314 

4.4 

1.0308 

4.8 

1.0333 

3.7 

1.027 

3.8 

1.0312 

4.7 

1.0298 

41 

1. 0246 

3.5 

1.0296 

3.5 

1.032 

4.1 

1.0295 

4.2 

1.0308 

5.0 

1.0209 

4.8 

1.0319 

3.5 

1.0304 

5.0 

1.0264 

3.3 

1.0275 

4.0 

1.0327 

3.8 

1.0307 

4.4 

1.0244 

3.6 

13.40 
10.92 
12.49 
13.64 
12.09 
11.65 
12.56 
13.28 
13. 86 
11.67 
12.56 
11.67 
13.40 
13.05 
12.81 
12.35 
13.24 
12.73 
12.78 
12.06 
17.18 
12.31 
10.21 
11.87 
12.60 
12.54 
13.15 
14.02 
13.27 
11.83 
11.34 
13.31 
12.54 
13.18 
13.46 
12.76 
11.48 
13.45 
12.37 
10.31 
11.60 
12. 92 
12.32 
14  42 
12.  m 
12.18 
13.60 
10.94 
12.40 
12.  74 
12.  96 
10.  44 


7.92 
8.89 
9.04 


8.00 
7.67 
8.76 
7.97 
9.00 
9.05 
8.61 
S.65 
9.04 
7.93 


8.28 
8.51 


7.68 
8.75 
8.27 
6.81 
8.10 


8.82 
7.86 
8.68 


6.84 
iiilk  In  bottle. 


Acidity. 


.133 
.148 
.162 
.144 
.122 
.139 


.151 
.157 


.113 
.175 


.133 
.140 


Trace. 
Trace. 


Trace. 
Trace. 
Trace. 

.13 
None. 
Trace. 
Trace. 
None. 
None. 

.07 
Trace. 
Trace. 


Trace. 
Trace. 


.07 
.07 

Trace. 

Triico. 

Trace. 

Trace. 

Trace. 
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T.VBLE  I. — AnaU/ses  of  milk  sold  in  Washington  and  the  District  of  Columhia — Cont'd. 


No.  of 

Date. 

Specific 
gravity. 

Fat. 

Total 
solids. 

Solids 
not  fat. 

Ash. 

Milk 
sugar. 

Acidity. 

Sedi- 
ment. 

Re- 

fracto- 
meter 
reading. 

2t)JC . .  . 

1907. 

Sept.  23 

...do... 

...do... 

...do... 

...do... 
....do... 

...do... 
....do... 

Sept.  24 
....do... 
...-do... 
...-do... 
...do... 
....do... 
....do... 
....do... 

Sept.  25 
....do... 
....do... 
....do... 
do 

1.031 

1.0314 

1.0323 

1.0298 

1.0257 

1.0315 

1.0347 

1.032 

1.0315 

1.0319 

1.0309 

1.0349 

1.0319 

1.0284 

1. 0327 

1.032 

1.033 

1.0313 

1.0336 

1.0274 

1.0309 

1.0317 

1.0297 

1.033 

1.0327 

1.0318 

1.0295 

1.0304 

1,0288 

1.0334 

1.0303 

1.0303 

1.0329 

1.0334 

1.0314 

1.0334 

1.033 

i.032 

1.031 

1.0321 

3.4 
3.6 
4.0 

3.2 

4-8 
4.4 
4  2 
4.2 
3.8 
4.7 
3.9 
4.3 
5.4 
3.5 
3.6 
4.2 
4.2 
4.6 
4.1 
4,2 
45 
4  7 
4.8 
4,2 
4,0 
4  0 
4,4 
.3.1 
4.7 
4  9 
3.8 
.5.0 
4.5 
4.6 
4.2 
4,0 
4.4 
4.9 
6,3 

11.84 
12.18 
12.88 
13.69 
10.28 
14.18 
14  46 
11.84 
12.92 
12.54 
13.37 
13.41 
13.14 
13.58 
12.38 
12.32 
13.29 
12.87 
13.92 
11.77 
12.77 
13.  .33 
13.07 
14.01 
13.22 
12.75 
12.18 
12.88 
10.93 
13.99 

13.  46 
12.15 

14.  23 
13.76 
13.38 
13.39 
13.00 
13.28 
13.  64 

15.  59 

8.44 
8.58 
8.88 
8.49 
7.08 
9.38 
10.06 
7.64 
8.72 
8.74 
8.67 
9.51 
8.84 
8.18 
8.88 
8.72 
9.09 
8.67 
9.32 
7.67 
8  57 
8,83 
8.37 
9.21 
9.02 
8.75 
8.18 
8.  4S 
7.83 
9.29 
8.56 
8.35 
9.23 
9.26 
8.78 
9.19 
906 
8.88 

8  74 

9  29 

.142 
.171 
.129 
.146 
.120 
.165 
.165 
.151 
.146 
.158 
.128 
.212 
.151 
.166 
.157 
.178 
.155 
.151 
.157 
.124 
.158 
.149 
.128 
.155 
.160 
.158 
.140 
.137 
.124 
.153 
.128 
.144 
.157 
.175 
.140 
.175 
.160 
.171 
.131 
.167 

Trace. 
.07 
.07 

40.5 

41.0 

28C.... 
29C  . . . . 
30C.... 
31C.... 
32C.... 

41.5 

■■""■! 

41.0 

.49 
.74 
.86 

Trace. 
.07 
.07 

Trace. 

Trace. 

36.0 
36.5 
44.5 
42.5 

41.5 

41.2 

.07 
None. 

.07 
None. 
None. 
Trace. 

.07 
Trace. 
None. 
None. 
Trace. 
None. 

.07 
None. 
Trace. 
Trace. 
None. 

.07 
Trace. 
None. 

.07 

.07 
Trace. 

.07 

.13 
Trace. 
Trace. 
None. 

.07 
Trace. 

41.0 

43.0 

42.0 

1 

40.5 

41.0 

41.0 

1 

43.5 

46C 

1 

41.5 

1 

44.5 

47C 

1 

39.0 

I 

41.5 

do 

42.0 

....do... 

....do... 

Sept.  26 

do 

40.0 

4.3.0 

1 

42.5 

53C 

1 

42.0 

....do... 

....do... 

42.0 

1 

42.0 

I 

39.0 

....do... 
....do... 
....do... 
Sept.  27 
....do... 
....do... 
....do... 
do 

44.0 

42.0 

41.0 

OOCo 

43.0 

61C 

43.0 

62C 

41.5 

63C 

42.5 

64(' 

42.5 

....do.. 
....do.. 
....do.. 

42.5 

42.0 

43.5 

I  stale  milk  in  bottle. 
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Table  II. — Shou'ing  Washington  7nilks  below  standard,  and  those  containing  dirt,  nr 
previously  reported  to  the  health  department. 

[The  sample-numbers  are  those  assigned  by  the  D.  C.  Health  Office.  Each  particular  gniuji  nf  niiiji- 
bers  represents  all  of  the  samples  examined  from  any  particular  dairy.] 


ample  numbers  (D.  C.  health 
office)  of  milks  examined. 


milks 
exam- 
ined. 


Total 
num- 
ber of 
milks 
below 
stand- 
ard. 


Milks  containing  dirt. 


27  A,  80  A,  74  B,  159  B,  36  C,  14  B.. 

50  A,  233  B ,  264  B 

72  A,  37  B,  200  B,  62  C,  317  B 

57  B,  208  B,  315  B 

33  A,95B 

29  A,198B 

9  B,  32  B,  178  B,  246  B,  267  B,  60  C. 
42C 

41  A,  68  A,  25  B,  111  B,  161  B,  253  B, 
265  B,  273  B,  301  B,  309  B. 

S4B 

38  A,  84  A,  127  B,  210  B,  15  C,  54  C. 

10  A,  101  B,  165  B,  259  B,  1  C 

63A 

42B 

49B,87B 

53  A,  64  B,  27  C 

82  A,  90  B,  190  B,  294  B,  25  C 

21  A,  81  A,  71  B,  119  B,  167  B,  217  B, 

224  B,  231  B,  241  B,  X,  C,  242  B. 
7  A,  16  B,  12  B,  73  B,  01  B,  155  B, 

277  B,  65  B,  39  C. 
91  B,260B 

2  A,46C 

28A,38B 

42  A,299B 

11  A,  5  B,  85  B,  163  B,  41  C 

46  A,  2  B,  86  B,  185  B,  .51  C 

77  A 

1  A,  .')8  A, 22  B,  124  B,  228  B,  .W3  B, 

4C. 
52B 

75  A,  40  B, 121  B 

51  B,  184  B,  190  B,  293  B,  04  C 

10-B 

24  B 

5  A,  04  K,  20  B,  93  B,  225  B,  312  B . 

10  A,  81  B,  137  B,  212  B,  22  C 

13  A,  83  A,  89  B,  149  B,  263  B,  24  C 

12  A,  67  A,  180  B 

76  A,  50  B,  183  B,  65  C... 

03  B,  164  B,  305  B,  29  C 

43B 

sue 

182B 

11.1  B,  306  B,  16  C,  17  B 

25  A,. 307  B 

H'iB,  295B : 


74  B 

50  A 

37  B 

41  A.  C8  A,  2.53  B 
84  B 

82  A,  294  B 

119  B 

65  B,  61  B 

299  B 

24B 

16  A,22C 


80  A,  14  B.  1.59  B.. 

50A 

37  B,  62  0,317  B.T; 
57  B,315B 

198B 

32B,172B,267B,246B 

25  B,  41  A,  111  B,  161 
B,  253  B. 

84B 

127B,15C 

101  B,  165  B,  IC 

42B 

49B,87B 

64B,27C 

82  A,190B 

119  B,  167  B,  231  B,  241 

B,242B,  71  B. 
39C,  12B,  16B,  73B, 

155  B. 
91B,260B 

3SB 

299B 

85B,163B 

86B,  185B 

77  A 

124  B,  228  B,  4C 

52B 

46B,  75  A 

184  B 

24B 

64  A 

81  B,  137B 

263B 

50  B,  183  B,  76  A 

63B 

S9C 

182  B 

113  B,  16  C,  17  B 

HOB, 295  B 
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Tablk  II. 


-Showing  Washington  milks  below  standard,  and  those  eontaining  dirt,  as 
previously  reported  to  the  health  department. — Continued. 


Sample  numbers  (D.  C.  health 
office)  of  milks  examined. 

Total 

ber  of 
milks 
exam- 
ined. 

Milks  found  below 
standard. 

Total 

ber  of 
milks 
below 
stand- 
ard. 

Milks  containing  dirt. 

Total 

ber  of 
milks 

con- 
taining 

dirt. 

2 
16 

10 

5 
5 
3 

7 

2 
3 
3 
2 
4 
3 
2 
6 

3 
5 
5 
6 

2 

2 
2 
2 
4 
6 

2 

2 
2 
2 
4 
1 
5 
1 
8 

4 

2 

138  B,  56C 

2 

1 

1 

0 
0 
1 
3 

1 
0 
0 
0 
0 
0 

1 

2 

0 
1 
1 
1 

1 
0 
0 
0 
0 
0 
4 

0 
0 

1 

1 
0 
0 
0 
0 

1 

0 
0 

0 
0 

0 

240  B,  247  B,  252  B, 
108  B,  216  B,  11  C, 
223  B,  304  B,  37  C. 

78  A,  85  A,  76  B,  94  B, 
132  B,  144  B,  56  B, 
297  B. 

187  B,  37  A 

9 

B,  247  B,  252  B,  2li2  B,  272  B,  278 
B,  288  B,  300  B,  304  B,  11  C,  37  C. 

78  A 

8 

132B,  144B,250B,297B. 

80  B,  136B,21C,44  A. 
130  B,  261  B 

4 

261  B 

, 

57  A,  66  B,  104  B,  172  B,  230  B,9  C, 
47  C. 

57  A,  230  B,  9  C... 
251  B 

104  B,  172  B,    230  B, 

9  C,  .57  A. 
18C 

5 

1 

188  B,  13C 

2 

238  B 

1 

0 

35  A,152B,214B 

6C,54  A,  162  B 

106B 

3 

3 

106B 

1 

19  A,  48  A,  15  B,  115  B,  271  B, 
265  C- 

48A,26JC 

115    B,   271  B,    19  A, 
48  A. 

23  B,  117B,32C 

83  B,  158  B,  206  B 

79  A,  13  B,35B,92B. 
54  B,  218  B 

4 
3 

56  B. 

3 

79  A 

4 

2 

311  B. 

275  B   

0 

■ 

36  B,204B 

2S0  B,  44  C 

44C 

1 

139  B  291  B 

139  B,  291  B 

2 

128  B,  55C 

2 

0 

24  A,  26  B,  192  B,  313  B,  26  C,  30  C. 

24  A,  30  C,  313  B, 

26  C. 

26  B,  192   B,  313  B, 

24  A. 
44B,220B 

4 

40B,  61C,  40  A 

4  B,  100  B,  166  I!,  202 

B,  237  B. 
191  B,314  B 

3 

62  A         

5 

237  li. 

314  B     

2 

0 

103  B,276B 

2 

43  A,  79  B,  221  B,  58  C 

79  B,  68  C,  43  A 

31  C 

3 

1 

99  B,  47  A 

2 

65  B 

55  B 

1 

34  li,m  B 

2 

193  B,  45  C. 

154  B,32  A 

2 

75B,107B 

g 
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-Shotmng  Washington  milks  below  standard,  and  those  containing  dirt,  as 
previously  reported  to  the  health  department — Continued. 


18  A,  33  B,  1.50  B,  268  B 

59  A,  114  B,  169  B,  227  B,  .308  B,  2  C. 

49  A,  148  B 

147  B,289B 

133  B,281  B 

134  B,  234  B 

36  A,  28  B,  112  B,  186  B,  219  B,  285 

B,  14C. 

235  B 

69  A 

41B 

60  A,  70  B,  205  B,  245  B,  40  C 

ISA,  129  B,211  B 

30  A,  53  B,  197  B,  63  C 

58  B,  156  B,  209  B 

27  A,  51  A,  39  B,  153  B,  199  B,52C. 
7  B,  131  B,  215  B,  222  B,  239  B,  248 

B,  257  B,  274  B,  290  B,  296  B, 

310  B. 

181  B 

3  A,  74  A 

14  A,  30  B,  82  B,  135  B,  189  B,  12  C, 

23  C. 

3  B,  174  B,  254  B,  279  B,  3  C 

34  A,  96  B,  141  B 

65  A,69B 

IB 

70  A,  72  B,  88  B,  120  B,  194  B,  258  B, 
316  B,  66C,  15  A. 

31  A,  71  A,  8  B,122  B,195  B,249B, 
28  C. 

236  B 

66  A,  77  B,  176  B,  266  B,  20  C 

68B,  123  B,  173  B,  5C 

62  A,  10  B,  BOB,  126B,50C 

6  A  65  A,  19  B,  109  B,  160  B,  33  C  . 

4  A,  21  B,  205  B 

56  A,   67  B,    171  B,   207  B,   226  B, 

244  B,  286  B,  48  C 

67C 

45  A,   73  A,    175  B,   201  B,   255  B, 

318  B,  10  C. 

Totals 


Total 
num- 
ber of 
milks 
exam- 
ined. 


281  B. 
219  B. 


222  B, 257 B,  290 B 


3  B. 


55  A.. 
258  B. 
31  A.. 


Total 
num- 
her  of 
milks 
below 
stand- 
ard. 


Milks  containing  dirt. 


268   B,-150   B,    33    I 

18  A. 
114  B,  109  B,  227  B, 

C,  59  A. 


147B 

281  B 

134  B,  234  B 

28  B,  112  B,  219  B. 


69  A 

70  B, 

205B 

211  B 

197  B 

30  A 

156  B 

209  B 

153  B 

51  A 

7  B,  131  B,  215  B,  222 
B,248  B,  274  B,  290 
B,  296B,310B. 

181  B 


2B,  136B,189B,12C 


3B,  174B. 

96B 

55  A 


88  B,  194  B,  258  B,  316 

B,  66  C,  70  A. 
195B,  28C,  71  A 


266B,20C,66A 

123  B,  173  B 

50C 

19  B,  109  B,  160  B,  65  A 
21B,203B 

67  B,  171  B,207  B,226 
B,  50  A. 

201  B,  IOC,  73  A 
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THE  NUMBER  OF  BACTERIA  IX  MILK  AND  THE  VALUE  OF 
BACTERIAL  COUNTS. 


By  Milton  J.  Rosexau, 
Director,  Hygienir  Laboratory,  Public  Health  and  Marine- Hon pital  Service. 


Milk  delivered  in  cities  contains  a  vast  number  of  bacteria.  For 
instance,  the  general  milk  supply  of  Washington  averaged  11,270,000 
per  cubic  centimeter  in  the  summer  of  1907;  and  22,134,000  during 
the  summpi"  of  1906.  The  milk  of  many  other  cities  also  is  exces- 
sively rich  in  bacteria. 

Such  enormous  numbers  mean  but  little  to  our  minds.  If  we 
make  comparisons  we  find  that  few  substances  contain  .such  myriads 
of  germ  life  as  is  often  found  in  milk.  Compared  with  sewage,  for 
instance,  a  fluid  which  is  popidarly  end  rightly  supposed  to  teem 
with  germ  life,  it  will  almost  always  be  observed  that  milk  when  it 
is  consumed  is  richer  in  bacteria  by  far  than  the  sewage  of  our  large 
cities." 


.Sewage  of- 


i-age) 


Boston,  Mass.a 

London,  England  ^ 

London,  England  i"  (crudi 

Lawrcncp,  Mass.rf , 

St.  Mary's,  Ohio  ' 

Wcstcrville,  Ohio  « 1  16  samples,  1907 

Marion,  Ohio  <■ i  16  samples,  1907 


1894tol901 2,800,000 

1894  to  1901 2,000,000  to  11,000,000 

1898 '   3,.500,000to    4,000.000 

Sept.  24  to  Oct.  24,  ISilO... 
16  samples,  1907 


3,034,000 

5,600,000 

2,3,')0,000 

239,000 


a  Winslow  and  Belcher:    Changes  in  the  bacterial  flora  of  sewage  during  storage. 

**  Laws  anrl  .\ndrews:  Report  on  the  result  of  investigations  of  the  micro-organisms  of  sewage.     Rep. 

L0D<ic.II  In,  C, iin.il,    Ilrr     1,'.,    1894. 

c('l'.\'r  I  i:.|H.Ti  MM  I  he  bacteriological  examination  of  London  oru'le  sewage.  First  Rep.  Lon- 
don Co    CciUliril     1 Ill,    IVIS, 

d  St:ilc  l;..iinl  l|r;ilili  ,\l;iss..  Rep.  1890,  p.  35. 

'  Kellemiiin,  I'nilt  :incl  Kimberly:  The  disinfection  of  sewage  effluents  for  the  protii'lion  of  jiulilic 
water  supplies.    U.  S.  ISur.  Plant  Industry,  Bull.  115,  1907. 

So  far  as  numbers  are  concerned,  the}'  need  not  greatly  alarm  us, 
for  we  know  that  disease  is  due  to  agencies  and  conditions  other 
Uiaii  merely  the  presence  of  enormous  numbers  of  bacteria.  By 
universal  consent,  however,  milk  containing  excessive  numbers  of 
bacteiia,  is  unsuitable  for  infant  feeding.     The   tender  mucous  mem- 


"  Russell,  11.   1, 


( liil  lines  of  Dairy  Hactcriology.  1896. 
(429) 


430 

brane  of  infants  is  very  susceptible  to  bacteria  and  their  ])ro(lucts, 
and  a  large  proportion  of  the  summer  complaints  of  infants  has 
been  traced  to  the  use  of  bacteria-laden  milk.  As  we  grow  older 
it  seems  that  the  gastro-intestinal  mucous  membrane  becomes 
comparatively  immune,  or  resistant  to  bacterial  action. 

If  milk  were  a  transparent  fluid  the  enormous  growth  of  bacteria 
found  in  market  milk  would  be  plainly  visible  to  the  naked  eye. 
A  similar  amount  of  bacterial  growth  in  broth,  gelatine,  beer,  jelly, 
or  other  clear  substance,  would  render  such  food  unsightly,  and  it 
would  be  generally  regarded  as  unfit  for  use  on  account  of  the  evi- 
dence of  fermentative  and  putrefactive  changes. 

The  number  of  bacteria  in  milk  is  not  so  important  from  a  ])ublic 
health  standpoint  as  the  kind  and  natiu-e  of  the  bacterial  protlucts. 
But  with  cleanliness  and  the  liberal  use  of  ice  the  total  number  of 
bacteria  can  be  kept  down,  and  this  affords  a  mode  of  protection 
against  the  dangerous  species  and  their  toxic  products.  Milk  con- 
taining few  bacteria  will  contain  proportionately  few  or  no  harmful 
varieties.  Most  of  the  specific  pathogenic  bacteria  which  some- 
times contaminate  milk,  grow  best  at  the  body  temperature  and 
not  at  all  at  the  low  temperatures  at  wliich  milk  must  be  kept  in 
order  to  keep  the  total  bacterial  count  down. 

Park"  raises  the  question — 

Are  even  these  enormous  numbers  of  l)acteria  in  milk  diunng  hot  weather  artually 
harmful?  Here  we  have  only  to  refer  to  iiniversal  clinical  experience,  that  a  great 
number  of  children  in  cities  sicken  on  the  milk  supplied  in  summer,  that  those  put  on 
milk  which  is  sterile  or  contains  few  bacteria  as  a  rule  mend  rapidly,  while  those  kept 
on  the  impure  milk  continue  ill  or  die. 

Our  knowledge  is  probably  as  yet  insufficient  to  state  just  how  many  bacteria  must 
accumulate  to  make  them  noticeably  dangerous  in  milk.  Some  varieties  are  un- 
doubtedly more  harmful  than  others  and  we  have  no  way  of  restricting  the  kinds  that 
will  fall  into  milk  except  by  enforcing  cleanliness.  We  have  also  to  consider  that 
milk  is  not  entirely  used  for  some  twelve  hours  after  being  purchased,  and  that  during 
all  this  time  bacteria  are  rapidly  multiplying,  especially  where,  as  among  the  poor,  no 
provision  for  cooling  it  is  made.  Slight  changes  in  the  milk  which  to  one  child  would 
be  harmless  would  in  another  produce  disturbances  which  might  lead  to  serious  dis- 
ease. A  safe  conclusion  is  that  no  more  bacterial  contamination  shoidd  l)e  allowed 
than  it  is  practical  to  avoid.  Any  intelligent  farmer  can  use  sutlicient  cleanliness  and 
apply  sufficient  cold,  with  almost  no  increase  in  expense,  to  supply  milk  twenty-four 
to  thirty-six  hours  old  which  will  not  contain  in  each  cubic  centimeter  over  50,000 
to  100,000  Ijacteria,  and  no  milk  containing  more  bacteria  .should  be  sold. 

Judged  by  the  colonies  that  develop  upon  agar  plates,  the  number 
of  bacteria  in  milk  increa.ses  every  tiinc  it  is  handled.  Separator 
milk  contains  more  than  the  original  milk.  The  same  is  tr«e  of 
filtered   milk.     Milk  strained   tlirough  gauze  or  cotton,  or  filtered 

"Park,  W.  H.:  The  great  bacterial  contamination  of  the  milk  of  cities,  can  it  be 
lessened  by  the  action  of  health  authorities?     Journ.  Hyg.,  vol.  1,  1901,  p.  391. 
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(liinugh  gravel  or  any  other  device,  wliile  it  looks  clean,  always  con- 
t.iiiis  more  bacteria  than  before  it  has  been  "purified."  This  is  due 
I"  the  fact  that,  wliile  the  visible  particles  of  dirt  are  held  back,  the 
1 1,1 1  tides  of  manure,  dirt,  and  bacterial  clusters  are  broken  up.  Fur- 
1 1  ur,  unless  the  most  painstaking  technical  precautions  are  taken, 
Ml  ilk  receives  fresh  bacterial  contamination  every  time  it  is  poured 
from  one  vessel  to  another  or  is  handled  in  any  other  way. 

THE  INITIAL  CONTAMINATION  OF  MILK. 

Now  that  we  know  that  milk  freshl}-  drawn  from  the  udder  under 
ordinary  circumstances  always  contains  bacteria,  it  is  of  practical 
importance  to  determine  their  number  and  kiml. 

Sedgwick  and  Batchelder,"  1892,  found  that  with  moderate  pre- 
cautions on  the  part  of  the  milker  the  number  of  bacteria  in  fresh 
milk  may  not  exceed  500  to  1,000  per  cubic  centimeter,  but  when 
the  ordinary  flaring  milk  pail  is  used,  with  more  or  less  disturbance 
of  the  bedding  and  shaking  of  the  udder,  as  mam^  as  30,000  bacteria 
have  been  counted  in  one  cubic  centimeter. 

MacConkey,*  however,  finds  that  with  ordinary  care  and  cleanli- 
ness it  is  possible  to  obtain  milk  which  when  freshly  drawn  contains 
less  than  1,500  organisms  per  cubic  centimeter;  and,  further,  that 
such  milk  should  not  contain  gas-forming  organisms  in  less  than  50 
cubic  centimeters. 

Comparing  these  results  with  the  work  of  others,  we  find  that 
Park,''  1901,  found  the  average  bacterial  content  of  the  milk  from 
six  separate  cows  examined  five  hours  after  collection  to  be  6,000 
per  cubic  centimeter,  the  lowest  count  being  400,  and  of  25  cows  of 
which  the  milk  was  tested  immediately  after  drawn  it  was  4,550. 

Burr,"*  1902,  also  taking  every  reasonable  precaution,  found  500 
organisms  per  cubic  centimeter  in  the  milk  of  a  single  cow. 

Von  Freudenreich,*  1902,  thought  it  would  be  easy  to  carry  out 
strict  asepsis  and  thus  obtain  a  bacteria-free  milk;  but  he  soon  came 
to  the  conclusion  that  this  was  impossible.  He  found  that  milk 
always  contained  250  to  300  organisms  per  cubic  centimeter,  even 


"  Sodgwick,  William  T.,  and  Batchelder,  John  L.:  A  bacteriological  examination  of 
llic  Boston  milk  supply.     Boston  Med.  and  Surg.  Journ.,  vol.  126,  1892,  p.  25-28. 

''MacConkoy:  A  contribution  to  the  liacteriology  of  milk.  Journ.  of  Hyg.  vol. 
U,  mm,  p.  .385. 

^■Park,  William  II.;  The  great  bacterial  contamination  of  the  milk  of  cities,  can 
il  be  lessened  by  the  action  of  the  health  authorities?  Journ.  Hyg.,  vol.  1,  1901. 
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though  the  milker's  hands  ami  the  teats  were  washed  first  with  soft 
soap  and  sterile  water  and  then  with  servatol  soap  and  sterile  water, 
and  finally  with  sterile  water  alone  and  dried  on  a  sterile  towel. 
The  milker's  hands  were  smeared  with  lanoline  and  the  first  milk 
rejected.  The  bacterial  content  of  the  mixed  milk  of  28  cows  milked 
in  this  way  varied  from  65  to  680  organisms  per  cubic  centimeter. 

Von  Freudenreich  and  Thoni,''  1903,  from  a  further  series  of 
similar  experiments  conclude  that  freshly  drawn  milk,  even  when 
the  most  careful  precautions  are  taken  against  contamination,  always 
contains  bacteria;  that  these  are  mostly  cocci  and  that  they  come 
from  the  udder. 

Continuing  his  experiments,  Von  Freutlenreich,*  190.3,  states  that 
he  examined  the  udders  and  the  milk  in  the  udders  of  15  cows,  in  13 
cases  immediately  after  slaughtering.  The  organisms  were  mostly 
cocci.  B.  lactis  acidi  was  only  met  with  once.  In  3  cases  the  ducts 
were  diseased  and  in  these  cases  the  diseased  tissues  contained  fewer 
organisms  than  usual.  B.  coli  was  never  found.  He  mentions  that 
Boekhout  and  De  Vries  drew  milk  tlirectly  from  the  udder  with  a 
sterile  canula  and  always  got  a  growth  from  it. 

Lux,''  1904,  exammed  milk  drawn  without  aseptic  precautions. 
Two  hundred  and  sixty  cow-milk  antl  95  goat-milk  samples  were 
analyzed.  The  average  number  of  bacteria  per  cubic  centimeter  was 
1,395,  which  were  mostly  nonpathogenic  cocci. 

Henderson,''  1904,  examined  seven  normal  udders  and  obtained 
growth  in  76  per  cent  of  the  cultures  made,  the  organisms  being 
staphylococci,  streptococci,  and  pseudo-diphtheria  bacilli.  No  organ- 
isms found  were  pathogenic  to  laboratory  animals. 

Willeai  and  Miele,*^  1905,  obtained  a  milk  containing  2.5  bacteria 
per  cubic  centimeter.  The  mUking  was  done  in  a  special  place, 
which  was  kept  as  aseptic  as  possible.  The  greatest  care  was  taken 
to  insure  the  cows  being  clean.  The  udder  and  teats  were  washed 
before  each  milking  with  soap  antl  boiled  water  or  an  aseptic  solution. 

From  the  examples  quoted  we  see  that  it  is  practically  impossible 
to  obtain  bacteria-free  milk,  but  that  the  organisms  in  carefully  col- 
lected milk  are  not  pathogenic  to  the  usual  laboratory  animals.     We 

aVon  Freudenreich,  Ed.,  and  Thoni,  J.:  Ueber  die  in  der  normalen  Milch  vorkom- 
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may  allow,  then,  that  the  presence  of  such  organisms  in  reasonable 
number  would  not  render  a  milk  harmful  to  man.  Lux's  experi- 
ments have  showTi  that  with  very  onlinary  care  it  is  possible  to 
obtain  a  milk  containing  on  an  average  1,400  bacteria  per  cubic 
centimeter,  and  it  is  obvious  that  ^vith  some  trouble  the  number 
may  be  reduced. 

The  work  of  Park,"  1901,  Nicolle  and  Petit,*  190.3,  Conn  and 
Esten,''  1904,  Koning,''  1905,  Harrison,^  190.5,  and  others  has  shown 
that  if  milk  be  rapidly  cooled  to  11°  C.  (50°  F.)  or  below,  very  little, 
if  any,  multiplication  of  micro-organisms  takes  place  for  some  twelve 
hours.  Therefore  Park's  suggesteil  average  standard  of  not  more 
than  12,000  bacteria  per  cubic  centimeter  in  warm  and  5,000  in  cold 
weather  for  freshly  drawn  milk  seems  a  generous  standard  and  one 
which,  with  a  little  care,  should  be  easily  attaineil. 

It  is  necessary  to  note  that  "'separator  milk"  must  not  be  judged 
by  the  same  standard  as  fi-esh  milk,  for  Severin  and  Budinoff,'  1905, 
and  Severin,''  1905,  have  shown  that  even  when  every  possible  pre- 
caution is  taken  against  contamination,  the  milk  issuing  from  the 
separator  always  contains  many  more  bacteria  than  it  did  before  it 
passed  into  the  separating  chamber.  Severin  suggests  that  the 
mechanical  movement  completes  the  separation  of  bacteria  which 
were  only  partially  divided  when  they  entered  the  machine. 

Moore  "  concludes  from  a  large  mass  of  data  that  freshly  drawn 
fore  milk  contains  a  variable  but  generally  enormous  number  of 
bacteria,  but  only  a  few  species,  the  last  milk  containing  as  compared 
with  the  fore  milk  very  few  micro-organisms. 

Russell '  found  that  the  mixed  milk  of  a  herd  that  is  kept  with 
any  reasonable  degree  of  cleanliness,  if  examined  immediately  after 

o  Park,  Win.  H. :  The  great  bacterial  contamination  of  the  milk  of  cities.  Can  it 
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milking,  usually  will  not  contain  more  than  5,000  to  20,000  germs 
per  cubic  centimeter. 

I  have  fomid  the  milk  obtained  by  careful  methods  from  separai" 
cows  to  contain  the  following  number  of  bacteria  per  cubic  cen i  i 
meter  immediately  after  milking:  60,  160,  400,  400,  500,  500,  8,3ii(i. 

All  these  counts  are  evidently  too  low,  for  the  reason  that  not  all  1 1 1. 
bacteria  produce  visible  colonies  upon  agar  plates,  and  further  eiu  h 
colony  does  not  necessarily  represent  the  growth  from  one  mici" 
organism.  Rosenau  and  McCoy  have  shown  elsewhere  (upon  tin 
germicidal  property  of  milk  this  Bulletin,  p.  447)  that  the  bacteria 
in  milk  are  apt  to  agglutinate  into  clusters. 

LEGAL  STANDARDS. 

The  first  attempt  to  make  a  standard  for  the  bacteriological  con- 
tent of  milk  was  imdertaken  by  the  New  York  board  of  health, 
wliich,  in  1900,  believed  it  was  not  necessary  for  any  milk  sold  in 
New  York  to  contain  over  1,000,000  bacteria  per  cubic  centimeter. 
.  It  was  found,  however,  practically  impossible  to  enforce  such  a 
standard  for  the  city  of  New  York  on  account  of  the  complexity 
and  enonnous  volume  of  the  milk  trade  of  that  city.  The  princi- 
pal difficulty  was  to  place  the  responsibility  when  milk  was  found 
to  contain  an  excessive  number  of  bacteria,  as  the  milk  passed 
through  so  many  hands  before  it  was  delivered  to  the  consumer. 

Boston,  on  the  other  hand,  made  a  strict  standard  of  500,000 
bacteria  per  cubic  centimeter,  which  was  legalized  by  the  board  of 
health  June  6,  1905,  in  article  6,  section  1,  of  the  Regidations  for 
the  Sale  and  Care  of  Milk.  According  to  Jordan,"  the  adoption  of  a 
bacteriological  standard  by  the  Boston  board  of  health  has  been 
decried  and  the  subject  of  scoffing,  but  the  example  of  that  city 
has  since  been  followed  by  other  municipalities,  until  now  nearly 
20  cities  are  conducting  bacteriological  investigations  of  milk  sup- 
plies. This  outcome  is  fortunate,  for  from  multi])lication  of  work 
of  this  character  great  progress  maj*  be  expected. 

Gohrr.''  health  officer  of  the  city  of  Rochester,  issued  a  circular 
to  all  milk  producers  supplying  that  city,  informing  them  that 
thereafter  100,000  bacteria  per  cubic  centimeter  would  be  made  a 
maximum  standard. 


"Jordan,  James  O.:  Boston's  campaign  for  oloan  millc.  Joiirn.  \m.  Mod.  Assn., 
vol,  49,  Sept.  28,  1907. 
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Bitter  "  believes  that  no  milk  should  be  sold  in  cities  containing 
more  than  50,000  bacteria  per  cubic  centimeter. 

Park*"  states  that  any  intelligent  farmer  can  use  sufficient  cleanli- 
ness and  appl}^  sufficient  cold  wdth  almost  no  increase  in  expense  to 
supply  milk  twenty-four  to  thirty-six  hours  old  wliich  will  not  con- 
tain in  the  maximum  over  50,000  to  100,000  bacteria  per  cubic 
centimeter,  and  that  no  milk  containing  more  bacteria  than  this 
should  be  used. 

The  above  figures  apply  to  stantlards  that  have  been  set  on  market 
milk.  So  far  as  milk  for  infant  feethng  and  other  clinical  purposes 
is  concerned,  the  standard  established  by  Coit  of  10,000  bacteria  per 
cubic  centimeter  as  a  maximum  seems,  by  almost  unanimous  consent, 
to  be  the  best.  Some  communities  have  adopted  a  second  grade 
of  milk  known  as  "inspected"  milk  from  tuberculin-tested  cattle 
and  obtained  under  cleanly  conditions,  and  not  containing  over 
100,000  bacteria  per  cubic  centimeter. 

The  number  of  bacteria,  therefore,  allowable  in  milk  depends  upon 
the  purposes  for  wliich  it  is  used  and  varies  somewhat  with  the 
locality.  It  is  evidently  easier  to  obtain  milk  containing  fewer 
bacteria  in  small  communities  with  a  near-by  supply  and  in  cold 
climates,  than  it  is  in  larger  cities  with  inevitable  delays  in  trans- 
portation or  in  southern  latitudes. 

As  a  general  rule  it  maybe  stated  that  "  certified  "  milk  should  never 
exceed  10,000  bacteria  per  cubic  centimeter,  "inspected"  milk  not 
over  100,000,  and  health  officers  should  aim  to  keep  the  general 
milk  supply  below  the  100,000  mark. 

THE  PRACTICAL  VALtTE  OF  BACTEBIAL  EXAMINATIONS  OF  MILK. 

The  activities  of  our  health  officers  were  at  first  directed  almost 
exclusively  to  the  prevention  of  sophistication  of  milk,  detected  by 
chemical  methods,  to  the  neglect  of  the  valuable  information  obtained 
from  bacterial  examinations. 

The  addition  of  water  to  milk  and  the  extraction  of  cream  are 
fraudulent  ])ractices,  but,  as  a  rule,  have  only  a  secondary  bearing 
upon  the  public  health.  The  bacteriologic  examination  of  milk 
gives  us  a  clew  to  the  cleanness  of  the  methods  (unploycd,  the  tem- 
perature, and  the  age  of  the  milk.  The  health  officer  who  has  the 
advantage  of  bacteriologic  assistance  knows  that  the  milk  of  dairies 
containing  excessive  numbers  of  bacteria  is  dirty,  old,  or  warm. 
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With  a  bacteriologic  count  as  a  <jiiide  it  is  comparatively  easy  to 
determine  the  cause  of  the  trouble  and  to  institute  proper  means  to 
correct  it.  The  enumeration  of  bacteria  in  milk  is,  therefore,  one  of  the 
readiest  and  cheapest  methods  at  the  disposal  of  health  officers  to 
determine  the  general  sanitary  quality  of  the  market  milk  supply.  The 
laboratory  residts  serve  not  only  as  a  guide  to  direct  the  efforts  of 
the  health  officer,  but  confirm  the  conclusions  arrived  at  from  an 
inspection  of  the  dairies  and  dairy  farms. 

WMle  the  bacteriological  examination  of  milk  has  its  uses,  it  also 
has  distinct  limitations.  From  a  practical  standpoint  the  long  time 
required  to  obtain  results  is  its  greatest  drawback.  The  qualitative 
determinations  of  the  bacterial  species  in  milk  is  too  complex  and 
difHcidt  a  method  to  adopt  as  a  routine  ])rocedure.  It  is  otherwise 
with  quantitative  counts.  These  determinations  are  comparatively 
easy  and  are  of  invaluable  assistance  to  the  progressive  dairyman  in 
controlling  liis  methods  and  in  discovering  just  wliich  cow,  what 
person,  or  what  part  of  the  industry  is  at  fault  when  tilings  go  ^v^ong. 
,  It  is  comparatively  easy  to  make  bacterial  counts  of  milk,  and  for 
practical  purposes  the  method  may  soon  be  learned  even  by  one  not 
skilled  in  bacteriologic  teclmique.  Dairymen  will  find  it  to  their 
advantage  to  make  agar  |ilates  and  rougldy  estimate  the  number  of 
bacteria,  not  only  of  their  finished  |)roduct,  but  from  individual  cows 
and  during  various  stages  in  the  handling  of  the  milk. 

In  fact,  a  number  of  progressive  dairymen  are  already  using  bacteri- 
ologic counts  of  their  milk  in  order  to  improve  the  supply.  In 
Boston,  Jordan  tells  us  that  in  1906,  six  milk  firms  made  over  27,000 
such  examinations. 

In  Rochester,  Goler"  has  obtained  a  reduction  in  the  average  bac- 
terial count  of  the  milk  supply  of  that  city  from  837,000  per  cubic 
centimeter  in  1900  to  200,000  in  1903.  In  1900,  26  i)er  cent  of  the 
samples  examined  contained  over  5,000,000  bacteria  per  cubic  centi- 
meter; in  1903  only  4  per  cent  contained  over  5,000,000.  At  the  time 
the  city  milk  suj)ply  contained  an  average  of  235,000  bacteria  per 
cubic  centimeter,  the  milk  that  was  procured  untler  a  process  of  cer- 
tification ant!  education  contained  Init  14,000  bacteria  per  cubic 
centinu'tcr  for  the  same  period. 

In  Wasliington  the  bacteriological  examinations  made  in  the 
Hygienic  Laboratory  and  submitted  to  the  (hviries  by  the  local  health 
oHicer  liave  stimulated  the  dairymen  to  use  more  ice,  with  the  result 
that  during  the  summer  of  1907  the  average  temperature  of  316 
samples  of  milk  examined  was  2.3°  C.  lower  than  during  the  correspond- 

"Goler,  G.  W.:  Tho  iiifluoiice  of  the  iniiniciiml  milk  supply  upon  the  deaths  of 
young  children.     N.  Y.  Stale  Jouiu.  Mod.,  vol.  3,  IIHW,  !>.  493. 
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ing  term  for  1906,  and  the  average  number  of  bacteria  per  cubic 
centimeter  was  cut  in  half.  Con\anced  of  the  practical  advantages 
of  the  bacteriological  control  of  milk,  one  progressive  dairjonan  in 
Washington  has  employed  a  competent  bacteriologist  to  assist  him 
in  marketing  a  better  quality  of  milk. 

One  great  advantage  accruing  from  the  bacteriological  control  of 
milk  is  that  it  affords  an  opportunity  to  exclude  the  milk  of  diseased 
cows.  Cows  frequently  suffer  with  diseases  of  the  udder;  in  fact, 
garget  or  mammitis  is  the  most  common  of  all  bo\'ine  diseases.  Milk 
from  inflamed  udders  containing  pus-producing  organisms  (strep- 
tococci) is  beUeved  bj-  some  to  be  more  important  than  the  pep- 
tonizing species,  about  wliich  much  has  been  said  since  the  work  of 
Flugge. 

Fresh  milk  from  cows  with  diseased  udders  contains  an  excessive 
mmiber  of  streptococci  and  pus  cells  or  an  excess  of  pus  cells  alone. 
So  far  as  we  know,  such  milk  is  dangerous  for  infant  feeding.  While 
not  all  agree  with  this  \'iew,  nor  is  there  any  agreement  concerning 
what  constitutes  an  excessive  number  of  streptococci  and  pus  cells  in 
milk,  the  facts  have  been  put  to  practical  use  by  Jordan  in  Boston. 
There,  milk  "infected"  with  excessive  numbers. of  streptococci  or  an 
excess  of  pus  was  traced  back  to  the  cow,  with  the  result  that  thirty- 
one  diseased  cows  suppljHIng  milk  to  Boston  in  1906  were  found  and 
eliminated.  Most  of  the  animals  had  mammitis  or  garget;  some  had 
ulcerated  teats,  some  had  recently  calved,  and  others  were  approach- 
ing the  calving  period,  etc." 

BACTERIAL  COUNTS  OF  WASHINGTON  MILK. 

METHODS. 

The  number  of  bacteria  found  in  any  given  sample  of  milk  will 
var^'  with  the  methods  used.  It  is  not  possible  by  any  known 
method  in  l>acteriology  to  determine  the  exact  number  of  live  bac- 
teria in  a  sample  of  milk.  The  counts  obtained  are  always  below 
the  actual  number  present.  This  is  due  to  a  number  of  reasons. 
First  of  all  the  bacteria  stick  together  in  groups  and  clusters;  some 
are  held  together  by  adhesive  membranes  in  pairs,  chains,  or  masses. 
It  is  therefore  evident  that  a  single  colony  on  a  plate  may  not  rep- 
resent the  growth  from  a  single  micro-organism. 

It  is  impossible  to  obtain  a  medium,  temperature,  and  other  condi- 
tions suitable  to  the  requirements  of  all  bacteria.  Some  grow  best 
lit  liigii  temperatures,  others  at  low;  some  prefer  acid,  others  alka- 
line media;  some  need  oxygen,  which  is  fatal  to  others,  etc. 

"Thirty-fifth  ami.  rep.  city  of  Boston,  Health  Dept.,  1906. 
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After  careful  consideration  of  the  subject  the  following  methods 
have  given  satisfactory  results  in  this  laboratory: " 

The  samples  were  always  collected  in  the  original  containers, 
either  ])int  or  quart  bottles  being  purchased  for  our  purposes.  Some 
of  these  samples  were  obtained  from  the  wagon  on  the  street,  others 
from  the  dairy,  and  still  others  were  obtained  from  houses  in  vai'ious 
parts  of  the  city,  at  once  after  being  delivered  in  the  usual  course  of 
trade.  It  is  therefore  believed  that  the  samples  examined  fairly  rep- 
resent the  average  milk  obtained  by  the  householder.  The  samples 
were  collected  early  in  the  morning  and  at  once  jilaced  in  a  metal  con- 
tainer filled  with  cracked  ice.  From  six  to  eight  samples  were  collected 
each  morning  from  various  parts  of  the  city,  and  rarely  more  than  two 
hours  elapsed  from  the  collection  of  the  first  sample  to  the  time  it  was 
received  in  the  laboratory.  The  temperature  was  taken  Mitli  a  good 
thermometer  at  the  time  the  sample  was  collected,  but  always  from 
a  different  bottle,  which  was  afterwards  used  for  chemical  ])urposes. 

It  was  noted  that  after  the  milk  stood  on  ice  for  some  time  that 
there  might  be  a  difference  of  6  to  8  degrees  between  the  top  and  the 
bottom  layers  of  the  milk  in  a  pint  bottle.  The  milk  was  always 
shaken  well  in  order  to  mix  the  cream  and  to  help  break  u])  the  bac- 
terial clum))s  before  the  bottle  was  opened,  which  was  done  with  the 
usual  bacteriologic  precautions.  For  ordinary  market  milk  the  fol- 
lowing dilutions  were  made: 

1  cubic  centimeter  milk  +  99  cubic  centimeters  sterile  water. 

0.1  cubic  centimeter  of  this  was  used  for  the  first  plate,  which  rep- 
resented 1:1,000. 

0..5  cubic  centimeter  of  the  first  dilution  was  then  added  to  49.5 
cubic  centimeters  of  sterile  water.  One  cubic  centimeter  of  this  dilu- 
tion when  ])lated  represented  1:10,000,  and  0.1  cubic  centimeter  of 
tliis  dilution  re])resented  1 :  100,000. 

The  dilutions  were  vigorously  shaken  at  least  twenty-five  times  in 
accorilance  with  the  standard  metliods  for  water  analysis  in  order  to 
obtain  uniform  susi)ension  of  the  bacteria.  Sterile  distilled  water  was 
used  as  a  diluent. 

The  final  dilution  was  measured  directly  into  a  petri  dish  and  agar 
j)oured  at  a  temj)erature  of  between  40°  and  45°  C  in  the  usual  way- 
After  tlie  j)lates  were  well  s^,  they  were  grown  at  37°  C,  which 
temperature  appears  not  only  (o  favor  the  maximum  gi'owth  of 
bacteria  ordinarily  found  in  the  milk,  but  has  the  additional  advan- 
tage of  favoring  the  kinds  of  bacteiia  belonging  to  the  i)athogenic 

"  Since  writing  this  article  the  committee  on  standard  methods  of  haclcrial  milk 
analyms  have  presented  a  preliminary  report,  which  appeared  in  (he  American  .Journal 
of  Public  Hygiene,  vol.  17,  November,  1907,  i)p.  ;^;{l-:?()4.  Al  the  Winnipeg  meeting 
of  the  American  Pid)lic  Health  Association  in  Septeniber,1908,  the  committee  pre- 
sented a  rci>ort  of  further  progress,  an  abstract  of  which  appeared  in  the  American 
Journal  of  Piil)lic  nygien(>  for  Novembor,  1008,  p.  425.  (See  also  Ileineman  and 
Glenn's  reoiil  mtir  Ic  on  "A  comparison  of  j)ractical  methods  for  determining  the 
bacteriological  coiili  nl  of  milk,"  Journ.  Infectious  Diseases,  vol.  5,  Oct.  20,  1908,  pp. 
412-420.) 
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(hiss.  The  plates  were  counted  at  the  end  of  twenty-four  hours, 
ah  hough  by  that  time  the  maximum  growth  had  not  appeared. 
Only  those  colonies  were  counted  which  were  visible  to  the  naked 
eye  or  could  be  seen  with  a  low-power  magnifying  glass.  Three 
plates  were  always  made  from  each  sample,  one  from  each  dilution. 
Plates  that  became  spoiled  owing  to  spreading  of  the  surface  growths 
over  them,  irregular  distribution,  or  excessive  numbers,  were  dis- 
carded. The  counts  were  always  taken  when  possible  from  plates 
containing  200  or  less  bacteria  per  plate,  the  reading  being  reduced 
to  round  numbers. 

The  composition  of  the  media  used  for  this  work  was  1.5  per  cent 
agar  and  an  acidity  of  +  1.5  to  phenol phthalein  as  an  indicator. 

In  accordance  with  this  method  a  number  of  samples  of  milk 
bought  on  the  open  market  in  Washington  were  examined  in  the 
Hygienic  Laboratory,  P.  H.  &  M.  H.  S.,  during  the  summer  months 
of  1906-7,  the  results  of  which  appear  in  the  following  tables: 

Results  of  bacterial  counts  of  market  milk  in  Washington,  19U6  and  1907. 


Samples  obtained  at- 


I  July  10,1907 

Ag 1 1  July  22,1907 

I  Aug.  5,1907 
'Ivug.  19,1907 
[July   15,1907 

All I  July  30,1907 

!|july  31,1907 
l.\ug.  30,1907 

Al iJuly   11,1907 

lAug.  26,1907 
(Aug.  1, 1907 
lAug.  27,1907 

Am piily   12, 1907 

Aug.  7,1907 
July  24, 1907 
July  29,1907 
Aug.  20,1907 
Aug.  30,1906 
!july  13,1907 
Aug.  6, 1907 
[July  16,1907 
I  Aug,  2,1907 
[July  12,1907 
I  July  22,1907 
Aug.  14,1907 
iAug.  28,1907 
Aug,  6, 1906 
Sept.   5,1906 

....do 

July  6,1907 
Aug.  8,  1907 
Aug.  20, 1907 


Wagon.. 
Dairy... 


Providence  Hospital. 

....do 

Dairy ■ 


Wagon., 

do.. 

Dairy... 


Wagon.. 
Dairy... 
Wagon., 


Tempera- 
ture of  Number  of 
milk  bacteria 
whenob-  per  culjic 
tained    I  centimeter. 
(°C.). 


8,000 

69,000 

2,680,000 

170,000 

2,240,000 

5, 1,50, 000 

111,000,000 

190,000 

1,700,000 

1,090,000 

22,500,000 

2,400,000 

26, 000, 000 

870,000 

350,000 

2,560,000 

aw,  000 

18, 300, 000 
3, 060, 000 
1,000,000 
2,800,000 

aso,ooo 

700,000 

2,180,000 

11,700,000 

320, 000 

1,380,000 

160,000 

260,000 

34,000 

23,000,000 

94,000 
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Results  of  bacterial  counts  of  market  vrilk  in  Washington,  1906  and  1907 — Continued. 


Samples  obtained  at- 


Tempera- 
ture  of 
milk 

when  ob- 
tained 

rc). 


Aug.  13,1906 
Aug.  16,190ti 
Sept.  10, 1906 
Sept.  11,1906 
Sept.  12, 1906 
Sept.  13, 1906 
Sept.  14, 1906 
Sept.  15, 1906 
Sept.  17, 1906 
Sept.  18. 1906 
Sept.  19. 1906 
Sept.  20, 1906 
Sept.  21,1906 
July  6, 1907 
July  23,1907 
July  24,1907 
July  2."i,1907 
July  20,1907 
do 


Ben 
Br.. 
Bri. 
Bro 
Bu. 
Ca.. 
Car. 


Aug.  1,1907 
Aug.  2.1907 
Aug.  5, 1907 
Aug.  19,1907 
July  17,1907 
Aug.  7,1907 
July  30,1907 
July  31,1907 
[Aug.  7,1907 
I  July  5,1907 
July  11,1907 
July  29,1907 
'July  19,1907 
[July  6,1907 
July  23.1907 
.\ug.  0. 1907 
Aug.  20,1907 
[July  5, 1907 
July  18,1907 
July  25,1907 
Aug.  13,1907 
lAug.  30,1907 
Aug.  13,1906 
Aug.  10,1906 
Aug.  21,1906 
Aug.  22, 1906 
Aug.  23, 1906 
Aug.  24, 1900 
July  10,1907 
July  17,1907 
July  25,1907 
July  29,1907 
Aug.  1,1907 
,Aug.  23, 1907 


Wagon . 
Dairy.. 

Wagon . 


.do. 


Wagon 

Dairy , 

Wagon 

Children's  Hospital. 


.do. 


Columbia  Uospital. 


Wagon . 


Wagon. 
do.. 


Dairy.. 
Wagon. 
Dairy.. 


Dairy. , 
....do. 


Dairy. 


10 
73.5 
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Results  of  bacterial  counts  of  market  milk  in  Washington,  1906  and  1907 — Continued. 


Samples  obtained  at- 


Cog. 
Cor. 


(•Aug.  13,1906 
Aug.  20.1906 
Aug.  28,1906 
Sept.  11. 1906 
Sept.  12. 1906 
Sept.  13, 1906 
Sept.  14,1906 
Sept.  15, 1906 
Sept.  17,1906 
Sept.  18, 1906 
Sept.  19, 1906 
Sept.  20, 1906 
Sept.  21,1906 
July  16,1907 
Aug.  2, 1907 
Aug.  21, 1907 
Aug.  27, 1907 

Uug.  30,1907 

rJuly  19,1907 

[Jjuly  30,1907 

JAug.  13,1907 

July  31,1907 

(Sept.  6,  1906 
July  16,  1907 
Aug.  2,  1907 
Aug.  9,  1907 
Aug.  21,  1907 
Aug.  30,  1907 
July  31,  1907 
Aug.  22,  1907 
Aug.  26,  1907 
Aug.  3,  1906 
Aug.  9,  1907 
July  15,1907 


Wagon . 
Dairy. . 


.do. 


Aug.  7, 1907 
Aug.  22, 1907 
Aug.  13,1906 
Sept.  25, 1906 
July  5, 1907 
July  17,1907 
July  25,1907 
Aug.  7,1907 
Aug.  29, 1907 
Aug.  2,1906 
(■July  19,1907 
iJjuly  31,1907 
1 1  Aug.  22,1907 
■July  S,  1907 
July  18.1907 
Aug.  22.1907 
July  30,1907 


Wagon. 


Wagon. 
Dairy.. 


Dairy. 


Dairy . 


Wagon. 
....do.. 


Tempera- 
ture ol 
milk 

when  ob- 
tained 

rc). 

Number  of 
bacteria 
per  cubic 

centimeter. 

17 

2,500,000 

15 

44,000,000 

12 

33,000,000 

23 

22,800,000 

22 

9,870,000 

20 

10,700,000 

21 

7.400,000 

15 

1,010,000 

19 

550,000 

22 

11,000,000 

21 

44,000,000 

18 

14,900,000 

22 

5,800,000 

21 

30,800.000 

16 

8.900,000 

13 

61,000,000 

14 

1,900,000 

S 

21,000,000 

14 

208,000 

14 

500,000 

12 

540.000 

17 

10,300,000 

11 

4.860,000 

14.5 

113,000 

15 

3,200,000 

16 

1,600,000 

15 

4.000,000 

15 

1,700.000 

14 

2,, 500, 000 

9 

8,900.000 

13 

2,100,000 

21.5 

12,500.000 

19.5 

160,000 

13.5 

2,280,000 

18 

740,000 

12 

810,000 

15.5 

2.900,000 

15 

11,200.000 

9 

380,000 

15 

5,450,000 

8.5 

05,400,000 

17 

4,000,000 

19 

116,000 

12 

710,000 

21 

5,900.000 

14.5 

1,180,000 

14 

4,000,000 

11 

221,000 

22.5 

33,000 

24 

420,000 

23 

600,000 

19 

2,500,000 
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Results  of  bacterial  counts  of  market  milk  in  Washington,  1906  and  1907 — Continued. 


Fa. 

Fr. 

Fy. 
Ga. 
Gi. 

Gl. 
01« 


'Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
July 
July 
July 
lAug. 
Aug. 
Aug. 
Sept. 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Sept. 
July 
July 
Aug. 
Aug. 
Aug. 
,\ug. 
Aug. 
Aug. 
July 
Aug. 
Aug. 
Aug. 
.\ug. 
Aug. 
Aug. 
July 
July 
July 
Aug. 
.Aug. 
July 
Aug. 
Aug. 


8,1906 
10,1900 
13, 1900 
14,1906 
15, 1906 
16. 1906 
17,1906 
20, 1906 

22. 1906 
9.1907 

l.i,  1907 

24. 1907 
12,1907 
20, 1900 
21,1900 

5,190<i 
5,1907 
17.1907 
2.5,1907 
9,1907 
19,1907 
22,1906 

25. 1906 
9,1907 

31,1907 

15. 1907 
29,1907 

2,1900 
2, 1907 
20, 1907 
22,1907 
10, 1907 
16. 1907 
1,1907 
6, 1907 
19,1907 
27,1907 
29,190(j 
11,1907 
15, 1907 
29, 1907 
19, 1907 
26, 1907 
13, 1907 
6,1907 
29,1907 


Samples  obtained  at- 


Dairy . 


Wagon. 
Dairy... 
Wagon. 


Dairy... 
Wagon . 


Wagon . 


Wagon . 
Dairy . . 
Wagon . 
Dairy.. 


Tempera- 
ture of 
milk 

when  ob- 
tained 
(°C.). 


13.5 
18.5 


Dairy . 


20.5 
11.5 
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Eemlts  of  bacterial  counts  of  market  milk  in  Washington,  1906  and  i907— Continued. 
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Results  of  bacterial  counts  of  market  milk  in  Washington,  1906  and  1907 — Continued. 


Aug.  13 
Aug.  27 
Aug.  29, 
Aug.  30 
July 
July  22, 
July  24, 
July  29. 
Aug. 
[Aug.  12. 
I. ...do. 
Aug.  13, 
Aug.  14 
Aug.  15, 
Aug.  16, 
Aug.  17. 
July  22. 
Aug.  7 
Aug.  23. 
Aug.  28. 
Sept.  11, 
Sept.  12, 
Sept.  13, 
Sept.  14, 
July  10, 
July  20, 
Aug.  23, 
Aug. 
Aug.  22, 
Aug.  28, 
July  23, 
Aug.  2: 
Aug.  IB, 
Sept.  25, 
July  e, 
July  24 
Aug.  15, 
(July  29, 
lAug, 
Aug.  14, 
Aug, 


/ do 

"° I  Uug.  20, 

Ml '/■'"'y  30, 

|lAug.  29, 
July  13 
Aug.  C 
Aug.  15 
Aug.  28, 

Mor I  Aug.  23 


Samples  obtained  at- 


Dairy 

Garfield  Hospital . 


Dairy.. 
Wagon . 


Wagon. 


Wagon . 
Bairy.. 
Wagon. 


Dairy... 
Wagon. 


Dairy.. 
....do. 


Wngon. 


Tempera- 
ture of 
milk 
when  ob- 
tained 

rc). 
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/.'-■MtZts  o/  bacterial  counts  of  market  milk  in  Washington,  1906  and  7907— Continued. 


Samples  obtained  at- 


Tempera- 
ture  of 

milk 
when  ob- 
tained 

rc). 


Number  of 
bacteria 
per  cubic 

centimeter. 


Aug.  29.1906 
Sept.  20, 1906 
July  18,1907 
July  29,1907 
Aug.  26, 1907 
.\ug.  8, 1906 
Aug.  10,1906 
Aug.  27, 1906 
Sept.  8,1906 
Sept.  10, 1906 
Sept.  11,1906 
Sept.  12, 1906 
Sept.  13, 1906 
Sept.  14, 1906 
July  10,1907 
Aug.  9, 1907 
Aug.  28, 1907 
.A.ug.  29,1907 
.Aug.  30, 1907 
I  Sept.  5,1906 
I  Sept.  25,1906 
I  July  15,1907 
I  Aug.  8, 1907 
[Aug.  22, 1907 

{.\ug.  30,1906 
Aug.  31,1906 
Aug.  14,1907 
I  Aug.  6,1907 
(Aug.  16,1907 
Aug.  16,1906 
Aug.  23, 1906 
Aug.  29, 190li 
July  6, 1907 
July  16,1907 
July  23,1907 
Aug.  8,1907 
Aug.  20.1907 
Aug.  27,1907 
fJuly  12,1907 
I  Aug.  8, 1907 
I  Aug.  19,1907 
I  Aug.  5,1907 
lAug.  19,1907 
July  9, 1907 
July  29,1907 
Aug.  16,1907 
J  July  15,1907 
lAug.  16,1907 

do 

Aug.  14,1907 
July  18,1907 
Aug.    3,1906 


Wagon  . 
Dairy... 


Dairy.. 

Wagon. 


Wagon . 
Dairy . . 
Wagon. 


Dairy.. 
Wagon. 
do.. 


Wagon. 
....do.. 
Dairy... 

Wagon. 

Dairy... 
do.. 


Wagon. 
do.. 


Wagon. 


17.5 
14.5 


16.5 
18.5 


550.000 

11,800,000 

42,000.000 

100,000 

1,420,000 

55,200,000 

40,500,000 

43.800,000 

3,. 300, 000 

63,000,000 

34,200,000 

39,000,000 

132,000,000 

63,600,000 

510,000 

560,000 

480,000 

1,900,000 

97,000 

2,900.0(10 

660,000 

24,000,000 

130,000 

1,210,000 

6,806,000 

17,000,000 

13.400,000 

135,000 

6,000 

13,470.000 

6,700,000 

7.000.000 

3,850,000 

19,300,000 

28,000,000 

10,000,000 

1.505,000 

34.600,000 

69.000.000 

440,000 

44.(X)0,(KIO 

430,  (HK) 

500,0(10 

3.900,000 

1,150,000 

4,000.000 

9-l,(XKl 

.s.(XIO 

1,000,000 

1,. 500, 000 

15,800.000 

10,000,0(X) 
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Results  of  bacterial  counts  of  market  milk  in  Washington,  1906  and  J907— Ciintiir.ied. 


Samples  obtained  at- 


JJuly  25,1907 
Aug.  12,1907 
July  12,1907 
July  26,1907 
Aug.  12,1907 
Aug.  15,1907 
Aug.  23, 1907 
Aug.  29, 1907 
July  9, 1907 
July  22.1907 
Aug.  5,1907 
Aug.  13,1907 
Aug.  20, 1907 
Aug.  28, 1907 
Aug.  29, 1907 
Aug.  30, 1907 
July  30,1907 
Aug.  2,1906 
Aug.  20, 1906 
Aug.  21, 1906 
Aug.  22. 1906 
Aug.  23, 1906 
Aug.  24, 1906 
July  18,1907 
July  31,1907 
Aug.  5,1907 
Aug.  7, 1907 
Aug.  13,1907 

l,Aug.  26. 1907 
July  8, 1907 
Aug.  14,1907 
Aug.  28.1907 
July  8, 1907 
Aug.  0,1907 
Aug.  15,1907 
Aug.  28, 1907 
July  11,1907 
July  31,1907 
\ug.  20,1907 
Aug.  1,1907 
Aug,  19,1907 
Aug.  27,1907 
Aug.  22, 1907 
July  5, 1907 
July  19.1907 
Sept.  17.  HlOfi 
Sept.  18, 1908 
Sept.  19. 1906 
Sept.  20, 1900 
Sopt,  21,1906 
July  13,1907 
July  30,1907 
Aug.  15, 1907 


Wagon , 


Dairy 

Sibley  Hospital. 

Dairy 

Wagon 


Wagon. 
Dairy., 


Wagon. 


Orphan  Asylum. 
Wagon 


Dairy. 


Wagon. 
Dairy.. 


Tempera-^ 

tur«  of  I  Number  of 

milk     I  bacteria 

when  ob-i  per  cubic 

tained  centimeter. 

(°C.). 


10.5 
11.5 


447 

Results  of  bacterial  counts  of  marht  milk  in  Washington,  1906  and  2907 — Continued. 


Samples  obtained  at- 


Tempera- 
ture of 
milk 

when  ob- 
tained 
(°C.). 

Number  of 
bacteria 
per  cubic 

centimeter. 

20 

1.000,000 

20 

9,580,000 

20 

2,100,000 

12 

9,000,000 

23 

250,000 

14 

22,000,000 

11 

78,000,000 

12 

260.000 

13 

300,000 

10 

940,000 

11 

2,500,000 

14 

200,000 

8.5 

159,000,000 

22 

44,400,000 

15 

30,000,000 

9 

14.000.000 

8     . 

11,500,000 

10 

42,000,000 

15 

33,000,000 

21 

2,370,000 

11 

63,000,000 

9.5 

87,500,000 

7 

7,700,000 

16.5 

650,000 

13 

2,000,000 

9 

100,000,000 

9.5 

42,000,000 

9.5 

8,900,000 

15 

2,050,000 

13 

100,000,000 

22.5 

640,  000 

21 

400,000 

17 

1,300,000 

15 

2,400,000 

24 

4,800,000 

25 

12,000,000 

24 

15,000,000 

10 

297,000 

11.5 

57,000 

18 

1,080,000 

10 

100,000 

10 

2,500,000 

13 

420,000 

16 

1,190,000 

23 

180,000 

20 

4,200,000 

12 

13,400,0(.0 

13 

28,200,000 

13 

109, 000 

8 

182,000 

11 

107,000 

9 

5,000 

July  31,1906 
Aug.  6, 1906 
Aug.  24,1906 
Aug.  27,1906 
July  17,1907 
Aug.  5,1907 
Aug.  21,1907 
Aug.    3,1906 

ijuly  8,1907 
July  26,1907 
Aug.  0, 1907 
Aug.  15,1907 
Aug.  23,1907 
(Aug.  8, 1900 
(Aug.  14,1907 
Aug.  30,1906 

....do 

Aug.  31, 1906 
...-do 


Wagon. 


July  12,1907 
July  19,1907 
July  22,1907 
July  23,1907 
Aug.  5,1907 
Aug.  8, 1907 
Aug.  14,1907 
Aug.  16,1907 
(July  12,1907 
I  Aug.  8,1907 
lAug.  15,1907 
JJuly  16,1907 
jAug.  2,1907 
Aug.  14,1906 
Aug.  15,1906 
Aug.  10,1906 
Aug.  17,1906 
Aug.  24,1906 
July  11,1907 
July  18,1907 
July  24,1907 
Aug.  13,1907 
Aug.  26, 1907 
Sept.  26, 1906 
Aug.  2,1007 
Aug.  13,1907 
Aug.  21, 1907 
Aug.  23, 1906 
Aug.  27,1906 
July  8, 1907 
July  22,1907 
Aug.  7,1907 
Aug.  16,1907 


Dairy.. 
Wagon. 
Dairy. . 
Wagon. 
do.. 


Dairy.. 
Wagon. 
Dairy.. 
Wagon . 


Wagon. 
Dairy.. 
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Hesults  of  bacterial  counts  of  market  milk  in  Washington,  1906  and  1007 — Continued. 


Samples  obtained  at- 


Tempera- 
ture of  j   Number  of 
milk     ■      bacteria 
whenob-j     per  cubic 
tained      centimeter. 
(°C.). 


Way. 


•Wy. 


Average  tor  190{). 
Average  for  1907. 


Aug. 
Aug. 
Aug, 
Aug. 
Aug.  3, 
Aug, 
Aug.  7, 
Aug. 
Aug. 
Aug.  10. 
Aug.  11. 
Aug.  13. 
Aug.  14, 
Aug.  15, 
.^ug.  16, 
....do.. 
Aug.  17. 
Aug.  20, 
Aug.  21. 
Aug.  28, 
...do.. 
Sept.  26, 
July  19, 
July  24, 
Aug.  1, 
Aug.  13, 
Aug.  20, 
Aug.  21, 
Aug.  22, 
Aug.  23. 
Aug.  24, 
July  23, 
Aug.  14, 
Aug.  28, 
Aug.  29, 
Aug.  2, 
July  n, 
July  19, 
Aug.  21, 
Aug.  26, 
Sept.  4, 
Sept.    5, 


1900 
1906 
1906 
1906 


1906  I  Dairy. 

1907  


1907  '  Wagon. 

1907  Dairy.. 

1907 

1906 

1906 

1906 

1906 

190<i 

1907 

1907 

1907 

1907 

1906 

1907 

1907 

1907 

1907 

1907 

1907 


Dairy. 


16.5'' C. 
14.2°  C. 
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BACTERIAL   COUNTS  IN  OTHER  CITIES. 

The  great  bacterial  contamination  of  milk  in  other  cities  is  given 
in  order  to  compare  with  the  results  found  in  Washington. 

The  statement  is  frequently  made  that  the  milk  of  American 
cities  has  fewer  bacteria  than  that  of  European  cities.  The  methods 
used  for  making  bacterial  counts  differ,  so  that  comparisons  are  dif- 
ficult to  make.  The  larger  cities  have  a  much  greater  bacterial 
contamination  in  their  general  milk  supply  than  the  smaller  cities 
and  towns.  We  woidd  expect  this  difl'erence  when  we  recall  how 
much  easier  it  is  to  obtain  milk  less  than  24  hours  old  in  villages  and 
small  towns. 

In  comparing  the  following  figures  it  must  be  remembered  that  in 
some  instances  the  milk  is  collected  as  it  reaches  the  city,  while 
in  other  instances,  corresponding  to  our  work  in  Wasliington,  the 
samples  were  taken  as  they  reached  the  consumer.  Bacteria 
multiply  enormously  between  the  time  the  milk  arrives  in  a  city  and 
the  time  it  is  delivered  to  tlie  consumer. 

Von  Geuns  "  in  1SS5  was  the  first  to  give  us  information  concern- 
ing the  number  of  bacteria  contained  in  milk.  He  found  10,545 
bacteria  per  cubic  centimeter  in  the  so-called  pasteurized  milk  sold 
in  Amsterdam. 

Clauss,''  1889,  made  eight  examinations  of  the  fresh  dairy  milk  of 
Wiirzburg  in  the  winter  of  1888-89  and  found  the  average  bacterial 
content  to  be  between  1,000,000  and  2,000,000,  the  lowest  count 
behig  222,000  and  the  highest  2,300,000.  The  author  says  that 
Hohenkamp  "  in  the  summer,  in  Wiirzburg,  found  the  bacterial  con- 
tent to  range  between  1,900,000  and  7,200,000  per  cubic  centimeter. 

Cnof/  1889,  working  with  Escherich,  found  in  the  milk  of  Munich, 
as  it  came  to  the  hands  of  the  consumer  five  to  six  hours  after  the 
milking,  that  the  bacterial  content  ranged  between  200,000  and 
6,000,000  ])er  cubic  centimeter;  a  few  moments  after  milking  the 
number  ranged  between  60,000  and  100,000  jier  cubic  centimeter. 

Renk,«  1891,  found  between  6,000,000  and  3(),7()0,0()()  bacteria  per 
cubic  centimeter  in  the  milk  supply  of  Halle.  Further,  from_  a  series 
of  30  tests  it  was  found  that  an  average  of  15  milligrams  of  cow's 

"  Von  Geuns,  J.:  Ueber  die  Einwirkung  des  siig.  "Pasteiiiicireiis"  auf  die  Milch. 
Aivli.  £.  Hyg.,  vol.  3,  1885,  p.  464. 

i"  Clauss,  Jnliannes:  Bacteriologisclic  I'nieisuchiingcu  der  Milch  iiu  Winter  I8S8- 
89  in  Wiirzlmrg  mil    hesonderer  Beriicksichtigung  der  Milchsiiure  Bildenden  Bac- 
terien.     Iiuuig.  disserla.,  Wiirzburg,  1889.     38  p.     8°. 
c  Hdhenkainp:  Arch.  f.  Ilyg.,  vol.  14,  p.  260. 

''  Cnof:  CJuanlitalive  Spaltpilzuntersuchungen  in  dor  Kuhniilch.     Cent.  f.  Bakt., 
■0,  18K9,  p.  .>i3. 
i:rnk:   rober  Martiiiili-li  in  Ihillc.     Miinch,  mod.  Woch.,  1891.     Rev.  by  Ksche- 
II'  ii,  Cent.  f.  Bakt.,  vol.  10,  1891,  p.  193. 
1411     Itull.   .-.(•>— 0!) 20 
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excrement  per  liter  was  contained  in  the  milk  supply  of  Halle ;  1  ^eipzig, 
3.8  milligrams;  Berlin,  10.3  milligrams,  and  Munich,  9  milligrams. 

ITlil  °  in  1892  showed  the  great  fluctuation  in  the  bacterial  content 
of  the  milk  of  Giessen. ,  In  May,  1892,  from  30  examinations  he  found 
it  ranged  between  83,000  and  169,600,000;  in  June  the  lowest  count 
was  10,500  and  the  highest  13,600,000.  The  average  in  May  was 
22,900,000,  and  the  average  in  June  was  only  2,900,000. 

Sedgwick  and  Batchelder,''  1892,  were  the  first  to  record  the  bacterial 
content  of  milk  from  an  American  city.  From  a  series  of  examina- 
tions of  the  milk  supply  of  Boston  and  its  suburbs  they  report  as 
follows : 


City. 

Samples. 

Bacteria 
per  cubic 
centimeter. 

Cit.v. 

Samples. 

Bacteria 
per  cubic 
centimeter. 

8 
9 
10 

4. 222.  .500 
2,778,000 
3,259,600 

Roxbury 

17 

1.874,300 

fi           708, 100 

7          1.1S9.S00 

'  These  samples  were  taken  directly  from  the  milk  wagons  and 
planted  at  once. 

From  groceries  16  samples  additional  were  taken  which  averaged 
4,577,000  bacteria  per  cubic  centimeter. 

Ten  samples  collected  from  well-to-do  families  averaged  1,438,000 
bacteria  per  cubic  centimeter. 

Forty-four  samples  of  the  so-called  "railroad''  milk  from  one 
dealer  averaged  500,000  per  cubic  centimeter.  The  extremes  were 
5,664,000  and  2,200. 

Another  set  of  ten  samples  examined  on  arrival  in  Boston  averaged 
371,000  per  cubic  centimeter. 

Knochenstiern  "^  in  1893  gives  the  results  of  examination  of  milk  at 
Dorpat,  Kussia,  between  September  18  and  January  25,  as  follows: 

Average  bac- 
teria per 
cubic  cent- 
imeter. 

From  niilkmcni 10,  200,  000 

Viliago  milk 12,  000, 000 

Market  milk 25,000,000 

Shop  milk 30, 000,  000 

"  Uhl:  Untersucliungen  der  Marlmilcli  in  Giessen.    Zeit.  f.  Hyg.,  vol.  12. 1892,  p.  475. 

b  Sedgwick  and  Batchelder:  A  bacteriological  examination  of  the  Boston  milk  sup- 
ply.    Boston  Med.  and  Siu'g.  Journ.,  vol.  12C,  1892,  p.  25. 

c  Knochonstiern,  Hugo:  Ueber  dcm  Kcimgchalt  dor  DoriKitcr  Marlinihli  ncbst 
cinigiMi  bactoriologischen  Unlorsurhungcn  von  l<'rauiiiinilrli.  Inaug.  Dissorta., 
Dorpat.     1893.     51  p.     8°. 
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The   same   aiiMior  jjives   abstracts   of  findings   by   the   following 
authors : 


Buiwid  (Iti  examinations) 

Genus  (dairy  milk) 

Cunningham,  D.  (1891)... 


City. 


Warsaw 

Amsterdam 
Calcutta 


.Average  bacteria 
per  cubic  centi- 
meter. 


4,000,000 

2,500,000 

3, 400  to  3, 000, 000 


Rowland,"  1895,  found  the  average  bacterial  content  of  25  sam- 
ples of  milk  in  London  to  be  500,000  per  cubic  centimeters. 

Frj'e  *  in  1896  examined  nine  samples  of  milk  in  Buffalo  as  it  was 
delivered  to  the  consumer  fi'om  December  28,  1895,  to  June  11,  1896, 
and  found  the  bacterial  content  to  range  from  48,000  to  43,600,000 
per  cubic  centimeter. 

In  six  samples  of  grocer}"  milk  examined  from  .January  26  to  June 
11,  1896,  the  bacterial  content  ranged  between  25,000  and  25,000,000 
per  cubic  centimeter. 

In  seven  samples  of  "certified  milk"  the  bacterial  content  ranged 
between  4,400  and  132,700  per  cubic  centimeter. 

Fakes''  in  1900  states  that  London's  milk  supply  contains  between 
3,000,000  and  4,000,000  bacteria  per  cubic  centimeter. 

Park,''  1901,  found  the  milk  in  New  York  City  to  contain,  as  a 
rule,  excessive  numbers  of  bacteria.  During  the  coklest  weather 
the  milk  in  the  shops  averages  over  300,000  bacteria  per  cubic  centi- 
meter, during  cool  weather  about  1 ,000,000,  and  during  the  hot 
weather  about  5,000,000.  He  found  the  condition  of  the  average 
city  milk  very  different,  depending  upon  temperature  and  other 
conditions.  The  milk  as  it  is  receivetl  in  New  York  from  the  rail- 
roads averages  over  5,000,000  bacteria  per  cul)ic  centimeter,  the 
lowest  count  being  52,000  and  the  highest  35,200,000. 

BurragC^  in  1901  states  that  American  cities  appear  to  have  better 
milk  from  a  l)acterial  standpoint  than  Kuropean  cities.  In  the  latter, 
milk  seldom  contains  less  than  5,000,000  bacteria  per  cubic  centi- 
meter.    In  tlic  milk  supply  of  Middletown,  Conn.,  the  numbci'  of 

"  liowland,  Sidm^y  D.:  Report  of  25  samples  of  milk  examined  as  to  their  bacterial 
flora.     Brit.  Med.  Journ..  1895,  vol.  2,  p.  321. 

''  Fryc,  Maud  J.:  Notes  upon  Iho  estimation  of  thr  nuiidier  nf  liacleria  in  milk. 
M.d.  Ree.,  1890,  vol.  2,  p.  112. 

'■  Pakes,  Walter:  The  application  of  I)ac1erii.lii};y  lo  imblic  hcallh.  Lancet,  J'.KIO, 
vol.  1.  p.  :',ll. 

''  I'ark,  W.  11.:  TIk'  f,'>'''al  bailerial  conlaniination  of  liie  milk  of  cilics,  can  it  be 
I'     .lied  by  the  aclioii  of  health  anOioritiesV     .loiirn.  liyj;.,  vol.  I,  1901.  p.  .S9I. 

r.inrane.  Severance:  Some  sanilary  aspects  of  milk  supplies  and  dairying.  Iowa 
I  -  .ud  Health,  Klevenlli  liien.  Rep.,  1901,  p.  373. 
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bacteria  was  found  to  be  comparatively  low,  the  milk  being  deliv- 
ered to  the  consumer  within  a  few  hours  after  milking.  The  bacte- 
ria varied  from  11,000  to  300,000  per  cubic  centimeter. 

Goler,"  1903,  states  that  prior  to  1900  the  average  bacterial  counts 
of  86  samples  of  Rochester,  N.  Y.,  milk  showed  837,000  per  cubic 
centimeter,  excluding  26  per  cent  of  the  samples  •which  contained 
over  5,000,000  bacteria  per  cubic  centimeter. 

Dodd,''  1904,  gives  the  following: 


District. 

Standard  of 
shop. 

Average    :                                           {                              Average 
bacteria  ]|                                           1    qtnnrturri  nf      li'icteria 
per  cubic 'i               District.               ;    "''S?^ ™  "'     percubic 
centi-     1                                         i              P'             centi- 
meter.   ]'                                           1                               meter. 

City  of  London 

Good  class 

do 

4,800,000   i  Islington 

Good  class 

.do.     .. 

1,600.Ij00 

1,600,000  !,  Finsliury 

2.300,000 

-do..   . 

4  son.nnn  il        Tin 

Poor  class 

3,200,000 

i               i! 

Byrnes,"  1904,  speaking  of  inilk  inspection  in  Philadelphia,  says: 
"Another  branch  of  this  subject  is  the  almost  incredible  numVjer  of 
bacteria  found  in  our  milk  supply,  which  vary  from  1,600  to  21,000,000 
per  cubic  centimeter." 

Jordan,'*  1904,  found  that  the  market  milk  of  Cliicago  contained 
an  average  of  9,361,000  bacteria  per  cubic  centimeter  in  April, 
10,071,000  in  May,  and  18,924,000  in  June,  1904.  Sixteen  per  cent 
of  the  sami>les  examined  contained  over  20,000,000  bacteria  per  cubic 
centimeter. 

Bergey,'  1904,  found  as  a  result  of  the  examination  of  ten  samples 
taken  at  random  from  a  large  series  of  examinations  made  in  July, 
1900,  from  milk  taken  at  railroad  depots  in  Philadeljtliia,  an  average 
bacterial  content  of  4,802,35.5  per  cubic  centimeter.  The  author 
gives  a  table  showing  the  reported  average  bacterial  content  per  cubic 
centimeter  of  the  milk  in  other  American  cities,  as  follows: 

Biictoria  per 
onbic  irn- 
tinieter. 

New  York. ." ■),  000, 000 

Boston 2,  :«)0,  000 

Chicago 2.  :!r)0,  000 

Baltimore! A,  000,  000 

Wilmington 7, 000,  000 

«  Goler,  George  W.:  Tlu'  iiillinMui'  of  the  iiuiiiiiiinil  milk  supply  upon  the  deaths 
of  young  children.     N.  Y.  Stale  Journ.  Med.,  vol.  :?,  1903,  p.  493. 

*  Dodd,  F.  LawBon;  The  problem  of  the  milk  supply.     London,  1904.     77  p.     S°. 

<■  Byrnes,  W.  .1.:  Annual  report  of  the  chief  inspector  of  milk  for  the  year  1903. 
Philadelphia  Bur.  Health.  .Vnn.  Re)).,  1903,  p.  7(;. 

''  .Xiialyses  of  Chicago  Market  Milk,  a  ri'port,  by  the  henllli  and  .sauilatioii  coiniiiilt.ee 
of  t.he  Civio  Federalion  of  Chicago,  1904. 

c  Bergey,  D.  H.:  Sanitary  supervision  of  the  collection  and  iiiarkcling  of  milk. 
Univ.  Pa.  Med.  Bull.,  vol.  17,  1904,  p.  187. 
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He  says  that  European  market  milk  has  been  found  to  contain  a 
greater  average  bacterial  count,  ranging  from  5, 000, 000  to  10,000,000, 
and  frequently  20,000,000  to  180,000,000. 

Proskaiiei-,  Seligmann,  and  Croner,"*  1907,  found  that  Danish  jnilk 
sold  in  Berlin  in  the  summer  varied,  in  lountl  numbers,  between 
5,000,000  bacteria  per  cubic  centimeter  and  innumerable  quantities. 
In  the  winter  this  milk  contamed  about  2,140,000  bacteria  per  cidiic 
centimeter. 

The  same  investigatoi's  found  that  the  market  milk  of  Berlin 
averaged  3, 500, 000  bacteria  per  cubic  centimeter  in  summer  and 
567,000  in  winter. 

Ejiox  and  Schorer,'  1907,  state  that  several  summers  ago  the  quality 
of  the  miJk  supplied  to  the  working  classes  in  Baltimore  was  studied 
during  two  successive  summers  at  the  laboratory  of  the  Thonuis 
Wilson  Sanitarium.  Much  of  the  milk  on  sale  at  the  small  stores 
was  shown  to  be  unfit  for  consunrption,  having  a  high  bacterial  coimt. 

It  will  thus  be  seen  that  the  general  market  niilk  of  Washington, 
as  well  as  that  of  other  large  American  and  European  cities,  is  worth}- 
the  serious  attention  of  health  officers  so  far  as  excessive  bacterial 
contamination  is  concerned. 

Addenda. — At  the  last  meeting  of  the  American  Association  of 
Medical  Milk  Commissions  the  following  report  of  the  committee  on 
bacteriological  standards  for  certified  milk  was  adopted: 

The  methods,  8o  far  as  applicable,  shall  be  those  recommended  by  the  committee 
on  standard  methods  of  bacteriological  milk  analysis  of  the  laboratory  section  of  the 
American  Public  Health  Association. 

Bacterial  counts  for  certified  milk  should  be  made  at  least  once  a  week. 

Use  agar-agar  made  according  to  the  recommendation  of  the  committee  of  the 
American  Public  Health  Association  containing  1.5  per  cent  agar  and  a  reaction  of 
+  1.0  to  phenolphthalein. 

Grow  at  37°  (".  for  forty-eight  hours,  or  at  22°  C.  for  five  days,  or  27°  ('.  for  three  days. 

When  in  bottles,  milk  samples  should  be  olitained  in  original  packages  and  liroiinht 
direct  to  the  laboratory  unopened. 

As  soon  as  practicable  upon  arrival  at  the  laboratory,  o])on  the  Ixittle  with  aseptic 
precautions  and  thoroughly  mi,x  the  milk  either  by  pouring  back  and  forth  liolween 
the  original  bottle  and  a  sterile  bottle,  or  by  agitation  for  two  minulos. 

Make  no  less  than  two  plates  for  each  samjjle. 

Make  a  control  of  each  lot  of  medium  and  apparatus  at  each  testing. 

Dilute  the  milk  in  the  proportion  of  1  part  of  milk  to  99  ])arls  of  slorih'  waler;  shake 
2-")  times  and  plate  1  cubic  centimeter  of  the  dilution. 

Express  results  in  multiples  of  the  dilution  factor. 

«  Proskaucr,  15.,  Seligmann,  E.,  and  ("roner,  Fr.:  Uber  die  Beschaffenheit  der  in 
Berlin  eingefuhrten  dani.schon  Milch.  Ein  Beitrag  y.ur  hygienischeu  Mil<  liknntroUc. 
Zei(.  f.  Hyg.,  vol.  57,  1907,  ],.  l7;i-247. 

''  Knox,  J.  H.  Mason,  and  Schorer,  Edwin  11.:  A  study  of  Imspilal  and  ilispensiiry 
milk  in  warm  weather;  with  special  reference  to  ))asteurizalion.  \rr\\.  I'edialrirs, 
July,  1907. 
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THE  GERMICIDAL  PROPERTY  OF  MILK. 


By    Milton    J.    Rosenau,   Director   Hygienic   Lahnralnrii.    Puhlic    Hcnith    and 
ilinine-Hosjiiint  Service;  and  (Jeorge  W.  JIcCov.  I'tisseii  Aaxixttint 
Surgean.  Piihlic  Health  and  Marine-Honiiitat  Service. 


INTKODUCTION. 

Judged  by  the  number  of  colonies  that  develop  upon  agar  plates, 
the  bacteria  in  milk  first  diminish  then  increase  in  number.  This 
occurs  only  in  raw  milk  during  the  first  few  hours  after  it  is  drawn. 
Although  the  bacteria  seemingly  decrease  in  number,  they  never  dis- 
appear entirely.  After  this  initial  decrease  there  is  a  continuous  and 
rapid  increase  until  the  milk  contains  enormous  numbers. 

It  was  early  noted  that  under  certain  conditions  raw  milk  may  keep 
longer  than  heated  milk.  In  other  words,  the  jjroperty  of  milk  to 
restrain  the  growth  of  bacteria  is  destroyed  by  heat. 

Before  this  so-called  "  germicidal  property  of 'milk  "  was  discovered 
it  had  been  observed  that  fresh  blood,  or  blood  serum,  had  distinct 
powers  of  destroying  bacteria.  Further,  that  blood  resists  putrefac- 
tive and  fermentative  changes.  It  is  now  well  known  that  blootl, 
apart  from  the  jDhagocytic  action  of  its  cells,  has  definite  germicidal 
jn'operties.  This  is  due  to  substances  in  solution  in  the  blood  serum 
wliich  have  the  power  of  clumping,  killing,  or  dissolving  the  bacterial 
cells.  This  power  of  the  blood  is  an  important  protection  against 
bacterial  invasion.  Similar  uses  have  been  assigned  to  the  "  anti- 
iwxlies  "  ill  milk.  The  germicidal  properties  of  blood  are  destroyed 
by  heat  an^l  disappear  spontaneously  in  a  short  time  after  it  has  been 
removed  from  the  body. 

Not  only  the  blood,  but  other  body  fluids  have  germicidal  ])roperties 
in  varying  degree,  so  that  it  was  not  surprising  when  similar  powers 
were  attributed  to  milk,  especially  when  we  consider  that  tlie  fluid 
part  of  milk,  with  many  of  its  constituents,  is  secreted  diicctly  from 
the  blood. 

This  initial  ))()\vcr  of  milk  (o  desti'oy  bacteria  or  (o  restrain  tlieir 
multiplication  is  i'cclilc  and  variable.  The  gei-micidal  pro|)er(ies  of 
milk  ha\e  been  iiiucli  misunderstood,  especially  by  dairymen,  some 
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of  whom  insist  that  advantage  may  he  taken  of  this  ])roperty  for  the 
preservation  of  milk  without  the  use  of  ice. 

When  we  stop  to  consider  that  bacteria  frequently  enter  the  imper- 
fectly closed  orifice  of  the  teat  and  grow  in  the  milk  contained  in 
the  milk  cisterns,  and  that  they  often  invade  the  finer  tubules  of  the 
gland  structure  wdiere  the  milk  is  being  fi-eshly  secreted,  we  nnist 
be  convinced  that  the  "  germicitlal "  power  of  milk  must  be  exceed- 
ingly feeble,  if  it  exist  at  all. 

This  property  vai-ies  with  the  milk  of  different  animals,  and  also 
in  the  milk  of  the  same  animal  at  different  times. 

There  is  evidence  to  show  that  the  restraining  action  of  fresh  raw 
milk  upon  the  gi-owth  of  bacteria  varies  with  the  bacterial  species, 
and  when  we  inquire  into  the  causes  of  the  phenomenon  we  find  that 
this  is  what  we  might  expect. 

Allien  micro-organisms  are  transferred  to  a  strange  medium  they 
sometimes  hesitate,  until  they  become  sufficiently  accustomed  to  the 
new  surroundings,  before  they  begin  to  multiply.  Our  experiments 
show  that  this  is  by  no  means  always  the  case  and  can  not  account 
for  the  facts  now  under  consideration. 

We  know  that  the  serum  of  milk  may  contain  "  antibodies "  in 
appreciable  and  variable  quantity  similar  to  those  found  in  the 
blood.  For  instance,  diphtheria,  tetanus,  and  other  antitoxins  have 
been  demonstrated  in  the  milk  of  immunized  animals.  We  might 
also  expect  small  quantities  of  the  agglutinating,  bactericidal,  and 
!)acteriolytic  substances  present  in  blood  serum  to  pass  into  the  milk 
serum.  Agglutinins  in  milk  would  apparently  diminish  the  number 
of  bacteria  contained  therein  when  estimated  by  the  number  of 
colonies  that  develop  on  agar  plates.  This  might  occur  even  though 
the  number  of  bacteria  present  were  actually  increased.  Microscopic 
examination  of  the  bacteria  in  milk  nuide  at  once  after  milking,  and 
again  in  eight  hours,  demonstrates  that  such  agglutination  actually 
takes  place.    This  is  confirmed  by  our  other  techni(|U('. 

We  know  that  milk  always  contains  large  numbers  of  leucocytes — 
many  of  them  of  the  j)olymorphonuclear  variety.  Thase  are  known 
to  be  phagocytes,  and  we  might  assuMie  thai  they  are  active  in  milk 
for  a  short  time  after  it  is  drawn.  In  I'nct  we  have  found  that  some 
of  the  leucocytes  actually  contain  uioie  Imcteria  after  eight  hours 
than  when  the  milk  is  freshly  drawn. 

Tf  phagocytosis  played  a  part  in  (lie  dimimilion  in  the  niunber  of 
bacteria  in  milk,  we  must  assume  liiat  the  milk  serum  has  opsonic 
power."  Our  woi-k  shows  that  ])hagocytosis  plays  no  essential  role 
in  the  apparent  reduction  in  the  number  of  bacteria  in  fresh  milk. 

"  In  fact  Woodhoiul  and  Mitclioll  clMini  to  liave  denionsti-iited  opsonins  in  nUlli. 
.lourn.  of  I'Mlli.  iind  Hactr..  vol.  11,  1!HMi-7,  p.  -lO.S. 
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It  seems  likely  that  the  germicidal  property  of  milk  corresponds  to 
[\  similar  property  of  fresh  blood  serum.  This  makes  it  probable  that 
ill'  causes  are  numerous  and  complex.  Further,  it  explains  why  the 
a(  tidu  is  variable  in  difi'erent  milks  and  in  milk  from  the  same  animal 
at  different  times.  It  also  gives  us  a  clew  as  to  why  the  action  is  to 
a  certain  extent  specific. 

Although  the  germicidal  property  of  fresh  milk  is  feeble,  it  must 

I f  value  to  the  suckling.     This  self-evident  fact  emphasizes  the 

iiapurtance  of  using  fresh  milk  for  artificial  feeding. 

EXAMPLES   OE   THE   GERMICIDAL   ACTION. 

riie  following  examples  show  that  milk  when  fresh  and  raw  actu- 
;ill\  restrains  the  growth  of  bacteria  as  judged  by  the  development. 
I.I  colonies  upon  agar  plates.  Whether  the  bacteria  are  restrained, 
destroyed,  or  clumped  is  not  evident  from  such  technique. 

This  series  shows  the  efi'ect  upon  the  growth  of  the  bacteria  that 
usually  contaminate  milk.  These  results  show  a  restraining,  rather 
than  a  germicidal  action,  which  varies  with  the  temj^erature.  Actual 
reduction  in  numbers  is  more  apparent  from  a  study  of  our  woi'k  with 
pure  cultures  (ride  infra). 

Table  Xo.  1. — Milk  fnnii  a  hvalthy  cow  (.Vo.  1). 
[Immediately  after  milking  contained  400  bacteria  per  cubic  centimeter.] 


Bacteria  per  cubic  centimeter  at  different 
temperatures. 

Time  after  milkiiiK. 

Room  temper- 
ature. 16°  to 
23°  C. 

15°  C. 

37°  C. 

430 

100 

350 

450 

500 

400 

500 

5,000 

60,000 

360, 000 

780,000 

24,200,000 

250,000,000 

330,000,000 

910,000,000 

Sour. 

4  hours 

450 

600 

300 

360 

300 

400 

2,000 

2,000 

1,000 

3,S00 

61,000 

118,000 

3,080,000 

33,400,000 

192,000,000 

350 

6  liours 

2,100 

8  liour* 

345, 000 

1,780,000 

32,800,000 

75.  .TOO,  000 

Sour. 

4f)0 

Table  No.  2. — .l/i7A-  frtnii  <i  liralthij  cow  (\o.  /). 
t  Immediately  after  milking  contained  500  bacteria  per  cubic  centimeter.] 


Bacteria  per 

cubic  centimeter  at  diHereiit 
temperatures. 

Time  after  milking. 

Room  temper- 
ature, 26°  to 
29°  C. 

15°  C. 

37°  0. 

1,300 

700 

400 

7,800 

29.000 

340,000,000 

Innumerable. 

900 

600 

600 

1,200 

80,000 

1,380,000 

89,000,000 

Sour. 

11,300 

Sour. 

T.VBLE  Xo  3. — Milk  from  a  hraltlnj  cow  ( .A'o.  7). 
(Immediatel.v  after  milkinji  contained  S,:{00  bacteria  per  cubic  centimeter.] 


Time  after  milking. 

Bacteria  per  cubic  centimeter  at  various 
temperatures. 

Room,  26°  to 
29°  C. 

15°  0. 

87°  C. 

S.OOO 
2,000 
6,000 

2,000 

2,000 
1,000 

2,000 
1,000 
1,000 

6,000 
20,000 

.5,000 

THE  EFFECT  OF  TEMPEBATTJBE. 

Temperature  has  a  decided  influence  upon  this  phenomenon. 
Wlu'M  the  milk  is  kept  warm  (37°  C.)  the  decrease  in  the  number 
of  colonies  is  striking,  but  of  short  duration.  When  the  milk  is  kept 
cool  (15°  C.)  the  decrease  is  less  marked,  but  more  prolonged.  This 
is  well  illustrated  by  the  curves.  Figs.  !)  to  14. 

These  curves  were  plotted  from  the  following  tables,  which  show 
the  germicidal  properties  of  milk  for  individual  species  of  bacteria. 
The  experiments  were  conducted  as  follows: 

Milk  was  obtained  from  a  healthy  cow,  using  particular  care  to 
prevent  outside  contamination.  For  this  milk  we  are  greatl}'  indebted 
to  Doctor  Schroeder  and  Mr.  Cotton,  of  the  Experiment  Station, 
Department  of  Agriculture,  Bethesda,  Md. 

In  iiddition  to  the  usual  precautions,  a  clotli  wet  \\i(li  liicliioride 
solution  was  placed  under  tlic  cow.  pcniiiK  iiig  (Uily  the  teals  to  pro- 
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Jiect  through.  The  foremilk  was  dihcarded  and  about  10  to- 15  cubic 
Jjentimeters  of  the  midmilk  was  introduced  directly  into  sterile  test 
lubes.  Some  of  these  tubes,  tested  soon  afterwards,  were  found  to 
be  practically  sterile;  other  contained  about  GO  bacteria  per  cubic 
centimeter.  Without  delay,  a  loopful  of  a  pure  culture  of  the 
organism  to  be  tested  from  a  24-hour-old  agar  slant  was  placed  in 
the  tubes  of  the  freshly  drawn  milk.  Two  of  the  tubes  were  con- 
taminated with  each  culture  tested;  one  of  them  was  kept  at  15°  C. 
and  the  other  at  37°  C. 

For  a  control,  a  similar  loopful  of  culture  was  planted  in  a  tube 
of  whole  milk  that  had  been  sterilized  fractionally  upon  three  suc- 
cessive days.  At  the  intervals  shown  in  the  tables  the  tubes  were 
shaken  in  order  to  obtain  a  uniform  suspension,  and  a  loopful  planted 
upon  agar  by  the  plate  method.  Duplicate  plates  showed  that  the 
loop  always  took  up  about  the  same  quantities.  The  results,  how- 
ever, do  not  pretend  to  mathematical  accuracy,  but  are  sufficiently 
consistent  to  show  any  marked  increase  or  diminution  in  the  number 
of  colonies. 

Table  No.  4. — B.  tiiphosmt. 


Number  of  bacteria  per  loop — 


At  once,  after  milking. 

2  hours  later 

4  hours  later 

6  hours  later 

8  hours  later 

10  hours  later 

12  ho\irs  later 

24  hours  later 

48  hours  later 


In  steril- 
ized 
milk. 


6,580 
4,300 


1,800 


In  steril- 
ized 
milk. 


4,860 
6,600 

1.5,360 

W 

(«) 

C) 

(«) 

(») 


■■  Innumerable. 

Here  it  was  plain  that  there  was  an  actual  diminution  in  tiic  luna- 
ber  of  typhoid  colonies  from  the  tube  kept  at  ;57  '  C.  during  the  iirst 
eight  hours,  after  which  multiplication  l)egaii.  The  bacteria  in  the 
sterilized  milk  used  as  a  control  increased  almost  from  the  stai't.  At 
15°  ('.  (Ik"  restraining  eli'ect  is  similar,  but  less  pronounced  and  more 
prolonged. 
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Table  No.  5. — li.  ilyxciitc.riir. 


Number  of  bacteria  per  loop— 

Milk  from  lieaUliy  t-uw  (No.  2). 

At  15°  C. 

At  370  c 

In  raw 
milk. 

In  steril- 
ized 
milk. 

In  raw 

milk. 

In  steril- 
ized 
milk. 

2,820 

1,380 

900 

756 

3,960 
3,800 
4,200 
4,400 
6,360 
8,040 
9,600 
15,000 
C) 

4,680 

1,000 

720 

510 

348 

1,296 

7,200 

15,000 

(-) 

27,000 

15  000 

27,000 
(0) 

890 
660 
540 
121 
109 
50 
55 

("1 

24  hours  later - 

(«) 

"  Innumerabli'. 

This  show.s  the  same  phenomenon  as  in  the  case  of  the  typhoid 
bacillus,  excepting  that  the  restraining  2>ower  of  the  raw  milk  at  15° 
C.  is  more  marlsed  and  prolonged  for  the  d_vsentery  bacillus. 

T.^BLE  ?so.  a. — Ji.  lacti-1  (vriigciics. 


"H 

Number  of  bacteria  per  loop— 

.Milk  irmu  iH-alll.y  ci.w  (No.  2). 

At  15°  C. 

At37°C. 

In  raw 
milk. 

In  steril- 
ized 
milk. 

In  raw 

milk. 

In  steril- 
ized 
milk. 

19,920 
14,220 
15,120 
16,680 
10,980 
12,450 
9,720 
9,440 
(») 

8,500 
9,600 
6,800 
7,560 
10,000 
10,000 
(») 

16,000 
24,000 
7,750 
1,200 
418 
1,836 
4,. WO 
(») 

23,000 

(°) 

"  Innumerable. 

This  organism  is  one  of  the  common  causes  of  lactic  acid  fermenta- 
tion. It  is  practically  always  present  in  milk  imiess  drawn  with 
e.Ktraordinary  precautions.  It  is  evickMit  that  tiiis  particular  samj)Ic 
of  raw  milk  exerted  the  same  tempoi'ary  resli-aiiiing  iiilluence  uixm 
lliis  organism  that  il  did  upon  llic  patliogciiic  spe(ues. 
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Table  No.  7. — V.  (;holcr(r. 


Number  of  bacteria  per  loop— 

Jlilk  from  liealtliy  cow  (No.  2). 

At  15°  C. 

At  37°  C. 

Ill  raw 
milk. 

In  steril- 
ized 
milk. 

Tn  raw     ^"  steril- 
milk           'zed 
™*^''-         milk. 

2,820 

740 

1,440 

1,740 

1,800 

820 

1,010 

1,440 

900 

6,700 

3,000 

3,540 
7,860 
4,980 
5,100 
.5,280 
7,200 
9,300 
16,000 
(") 

6,000 
6,720 
987 
1,711 
6,300 
11,880 
15,660 
(») 

8,460 

urslater 

15,  795 

■  C) 

C) 

1 

1                   1 

The  milk  had  practically  the  .same  power  of  restraining  the  cliolera 
vibrio  that  it  had  for  the  other  bacteria  tested. 


Table  No.  8. — U.  (liiilitkeriw. 


Number  of  bacteria  per  loop— 

Milk  from  healthy  cow  (No.  2). 

At  15°  C. 

At  37°  C. 

In  raw 
milk. 

In  steril- 
ized 
milk. 

Ill  raw 
milk. 

In  .steril- 
ized 
milk. 

270 
30 
230 
270 
330 
600 
200 
145 

160 
230 
430 

i(;o 

300 
120 
180 
245 

470 
333 
285 
265 
275 
1.50 
215 

J/U 

(") 

1 

The  results  ol)laiii('(l  \vi(h  Ihc  diplilheria  bacilhis  are  perliaps  not 
i|iiile  so  <i-rM]>liic  as  witli  the  other  organisms,  jjartly  for  the  reason 
l!ia(  liie  diphlhcria  bacillus  is  nol  motile  and  it  is  diilicult  to  obtain 
a  uniform  suspension;  and  also  partly  for  the  reason  that  it  grows  so 
slowly,  if  at  all,  at  \^<°  C.  However,  at  .'?T°  C.  definite  restraining 
action  is  evident  in  the  raw  inilk  as  compared  with  (lie  sterilized  milk. 
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4^,5 


4G7 
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J:fi9 
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RELATION  TO  AGGLUTINATION. 

Agglutination  of  bacteria  in  inilk  is  somewlial  difficniK  Id  donion- 
strate  macroscopicalty.  Under  the  microscope,  in  stained  prepara- 
tions, the  bacteria  are  in  large  and  dense  clusters  in  raw  milk  after 
standing  eight  hours  at  37°  C.  In  the  boiled  milk  used  as  a  control 
the  bacteria  under  the  same  conditions  appear  singly  or  in  very  short 
chains  or  small  clumps.  In  our  work  care  was  taken  to  break  up  all 
clumps  in  the  suspensions  used  to  inoculate  both  the  raw  and  the 
boiled  milk. 

Vigorous  shaking  also  gave  results  that  plainly  proved  that 
agglutination  is  one  of  the  factors  that  cause  an  apparent  decrease 
in  the  number  of  bacteria. 

The  agglutinated  bacterial  clusters  were  broken  asunder  by  one  or 
both  of  the  following  methods,  stated  in  each  table: 

1.  Vigorous  shaking  of  the  milk  for  about  five  minutes  in  a  glass- 
stoppered  cylinder. 

2.  Drawing  the  suspension  in  and  out  a  number  of  times  through  a 
capillary  pij^ette,  the  end  of  which  is  broken  off  square  and  closely 
applied  to  the  bottom  of  a  test  tube. 

Table  No.  9. — Jililk  from  liraltlnj  cow  (No.  2)  inoculated  one  and  one-half  hourx 
after  milking. 

|Org.iiiisms  from  24-hoiir  agar  cultures.     Controls,  same  milk  beated  to  boiling.] 


Colonies  per 
loop  at  once 
after  inocu- 
lation. 

Colonies  per 
loop  after  8 

hours  at 
37°  C.  mod- 
erate shak- 
ing. 

Colonies  per 
loop  after  8 

hours  at 
37°  C.  after 
vigorous  agi- 
tation and 
mixing  with 
pipette. 

5,620 
9,  MO 

4,oi;o 

■l,.S50 

2,1100 

8,100 

17 

2,640 

»I>1,000,000 

3,810 

11  6  200,000 

9,720 

"''1,500,000 

■15 

5,G10 

B.  coli  in  rawmilk 

1 1>  100, 000 

'  Innumerable. 

'  About. 
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Tablk  Xo.  10. — Milk  fnnil  hrnjthy  row  (JN'o.  2)   iiinciildtKl  one  mid  (jin  -half  Innir.i 
lifter  milkinfl. 

[roiitrols.  same  milk  heated  in  Arnold  sterilizer  to  100°  C  tor  (en  minutes.     Organisms 
used  were  from  24-hour  agar  cultures.] 


Bacteria  per 
loop  at  once. 


Bacteria  per 
loop  afters 
hours  at  37° 

C,  tube 
moderately 

shaken. 


Bacteria  per 
loop  after  8 
hours  at  37° 
C,  culture 
vigorously 
agitated  5 
minutes  and 
mixed  with 
a  pipette. 


B.  lactis  aerogenes  in  raw  milk 

B.  lactis  aerogenes,  control 

B.  typhosus  in  raw  milk 

B  typhosus,  control 

Staphylococcus  pyogenes  aureus  in  raw  milk. 

Staphylococcus  pyogenes  aureus,  control 

Original  milk 


1,200 
1,200 
3, 440 
2,160 
2,120 
2,660 


4,400 
(») 

4,107 
l") 

1,220 
30,000 


7,S60 
2,070 


Innumerable 


The  next  experiment  wa.s  designed  to  show  whether  the  phenome- 
non of  germicidal  action  could  not  be  duplicated  by  the  addition  of 
typhoid  agglutinating  serum  to  milk  that  had  been  boiled. 


Table  No.  11. — Milk  from  healthy  cow  {No.  2)  planted  one  and  one-half  hoiirx 
after  milking. 

[Controls,  same  milk  boiled — 24-hours  old  agar  culture  used.] 


Bacteria 
per  loop 
at  once 
after  in- 
oculation. 

Bacteria 
per  loop 
after  25 
hours  at 
37°  C. 

Bacteria 
per  loop 
after  4i 
hours  at 
37°  C. 

Bacteria 
per  loop 
after  6i 
hours  at 
37°  C. 

Bacteria  per  loop  after 
8i  hours  at  37°  C. 

Moder- 
ately 
shaken. 

Mixed 

with 

pipette. 

B.  typhosus  in  raw  milk 

1,880 

1,380 

1,060 

1,480 

1,980 

12,200 

B.  typhosus  in  same  milk 

2,120 

a  >>  800,  000 

(") 

(») 

(«) 

B.  typhosus  in  raw  milk  plus 

1  drop  typhoid  serum 

2, 100 

2,040 

1,920 

2,360 

1,260 

"  k  20,  OOO 

B.  typhosus  in  boiled  milk 

plus  1  drop  typhoid  .serum. 

2, 280 

2,360 

1,0/10 

6,480 

10,860 

"(•ecooo 

B.  typhosus  in  bouillon  plus 

1  drop  typhoid  serum 

1,830 

970 

2.920 

9,180 

11,160 

»  6  100, 000 

0 

1 

2 

2 

2 

46 

■*  Innumerabli'.  '•About. 

The  typhoitl  scriini  used  in  tliis  experiment  was  a  sti'ongly  agglu- 
tinating horse  .serum  (strength  over  1  :  10,000). 

It  will  be  seen  that  boiled  milk  plus  typhoitl  agglutinin  acts  much 
the  same  as  the  raw  milk.  The  contrast  in  each  case  with  the  con- 
liol  (boiled  milk)  is  sti-iking. 
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The  fact  that  agghitination  plays  a  prominent  role  in  this  pin 
nomenon  is  well  illustrated  in  this  table  by  the  fact  that  the  bacteri; 
chnnps  may  be  shaken  apart.  '  This  was  confirnied  by  the  mien 
scopic  examinations  of  stained  smears  in  each  case. 

Table  No.   12.— JK/fc  from    linilllni  cnir    {N(i.  2). 
[Plantinsa  one  hour  jifli'i-  milking.] 


B.  typhosus  in  raiv  milk 

B.  typhosus  in  boiled  milk 

48-hour  B.  coli  culture  in  raw  milk  . 
Original  milk 


Bacteria 
per  loop 
at  once 
after  in- 
oculation. 


5,400 
0,400 
16,000 


Bacteria 
per  loop 

after 

3  hours  at 

37°  C. 


4,680 
5,040 
12,000 


Bacteria 
per  loop 

after 
5  hours  at 

37°  C. 


Moder- 
ately 
shaken. 


4,720  2,250 

>i>  100,000  I  06200,000 

11,000  9,000 


Mixed 

with 

pipette. 


5,400 
n  6  200, 000 
Ob  40, 000 


'  Innumerable. 


Table  No.  13. — Milk  from  healthy  cow  (No.  2). 
[Plantings  one  hour  after  milking.] 


Bacteria 
per  loop 
at  once 
after  in- 
oculation. 

Bacteria 
per  loop 

after 

3  hours  at 

37°  C. 

Bacteria 
per  loop 

after 
6  hours  at 

37°  C. 

Bacteria  per  loop  after 
7  hours  at  37°  C. 

Moder- 
ately 
shaken. 

Mixed 

with 

pipette. 

1  loop  f  seces  and  hay  emulsion  in  raw  milk . 
1  d  rop  faeces  and  hay  emulsion  in  raw  milk . 
R  drops  faeces  and  hay  emulsion  in  raw 

720 
4,860 

10,500 

660 
4,640 

7,500 

480 
6,000 

9,900 

420 
3,780 

13,000 

4,320 
9, 720 

20,000 

Table  Xo.  14. — Milk  from  hralthi/  cow   (No.  2)  planted  one  and  one-half  lioKr 
after  milking. 

[Controls  same  milk  boiled.] 


Bacteria 
per  loop 
at  once 
after  in- 
ocula- 
tion. 


Bacteria 
per  loop 
after  2J 
hohrs  at 
37°  C. 


Bacteria 
per  loop 
after  45 
hours  at 
37°  C. 


Bacteria 
per  loop 

after  6i 
hours  at 

37°  C. 


Bacteria  per  loop         ' 
after  Si  hours  at         ,j 


Moder- 
ately 
shaken. 


Mixed 

with 

pipette. 


1  drop  cow  fffices  and  hay  suspension  in 

raw  milk 

1  drop  cow  fseees  and  hay  suspension  in 

boiled  milk  (control) 

4  drops  cow  faeces  and  hay  suspension  in 

raw  milk 

4  droi>H  cow  fmccB  and  hay  suspension  in 

boiled  milk  (control) 

Original  milk 


44 
1,260 
1,800 
3,.S0O 
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The  fact  that  bacterial  clusters  may  be  separated  by  shaking,  etc., 
is  still  more  convincingly  demonstrated  in  many  of  the  other  tables 
throughout  the  remainder  of  this  article. 

THE    GERMICIDAL    ACTION    COMPARED    WITH    THAT    OF    BLOOD 
SERUM. 

For  the  purpose  of  comparison  the  following  experiment  was  made 
with  fresh  blood  serum.  The  blood  was  drawn  from  the  jugular 
vein  of  a  horse,  defibrinated  and  centrifugated  for  fifteen  minutes 
at  1,800  revolutions  per  minute.  In  this  way  a  fresh  serum  free  from 
fibrin  and  cellular  elements  was  quickly  obtained.  Care  was  exercised 
throughout  the  process  to  avoid  contamination. 

The  serum  was  now  divided  into  two  portions:  (1)  Untreated, 
and  (2)  heated  to  60°  C.  for  twenty 'minutes.  This  temperature 
was  selected  as  being  sufficient  to  destroy  the  bacteriolytic  property 
without  seriously  interfering  with  the  agglutinins. 

The  heated  and  the  unheated  serum  was  now  inoculated  with 
24-hour-old  cultures  from  agar  slants.  The  bacillary  emulsion  was 
first  drawn  in  and  out  of  a  pipette  in  order  to  break  up  clumps. 


Bacteria  per  loop— 

At  once 
after  in- 
ocula- 
tion. 

After  2 

hours  at 

37°  C. 

After  4 

hours  at 

37°  0. 

6  hours  at  37°  C. 

After  24 

hours  at 

37°  0. 

Moder- 
ately 
shaken. 

Mixed 
with  a 
pipette. 

B.  typhosu-s  in  fresh  horse  serum 

B.  typhosus  in  fresh  horse  serum,  heated 

3,240 

2,700 
1,500 

2,640 

328 

2,K0 
5 

364 

7.600 
0 

9,000 

220 

a  !>  70,  000 
0 

0  6100,000 

636 

"''2.50.000 
0 

■>!>200,000 

11,000 

i") 

5,400 

B.  lactisuerogenea  in  fresh  horse  serum. . 
B.  lactisaerogenes  in  fresh  horse  serum, 

"  Innumorablf*.  *About. 

It  is  at  once  evident  that  there  is  a  general  resemblance  between 
blood  serum  and  milk  so  far  as  this  phenomenon  is  concerned.  It  is 
also  j)lain  that  l)lood  has  a  much  quicker  and  stronger  action  than 
milk. 

The  results  of  the  bacterial  counts  upon  agar  plates  were  confirmed 
by  microscoj)ical  examination  of  stained  smear  jireparations.  At 
first  the  organisms  were  well  distributed  throughout  the  serum, 
whether  heated  or  unheated.  There  were  no  cliimps  of  over  six  or 
eigiit  individuals. 

At  the  (>nd  of  six  hours  no  organisms  could  l)e  found  under  the 
miscroscope  in  preparations  made  from  the  unheated  serum  jdanted 
with  /i.  laciis  ucroyeiies.     Only  occasionally  could  the  tyjilioid  liai'il- 
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Ills  be  discovered  in  the  corresponding  serum  at  the  end  of  six  lioiirs. 
This  agrees  with  the  number  of  cok)nies  upon  the  agar  jjhites. 

The  heated  serums  gave  quite  a  different  picture  under  the  micro- 
scope. Many  organisms  were  found,  lying  singly,  in  small  and  long 
chains,  and  in  dense  clusters.  This  corresponded  to  the  innumerable  j 
growth  upon  the  agar  plates. 

RELATION  TO   PHAGOCYTOSIS. 

Milk  contains  many  leucocytes  and  it  therefore  seems  reasonable 
to  assume  that  active  phagocytosis  takes  place  in  the  fresh  raw  prod- 
uct. A  priori  it  seemed  to  us  that  this  might  account  for  the  geruii- 
cidal  property  of  milk.  This  assumption  was  apparently  confirmed 
when  we  found  that  stained  smear  preparations  showed  but  few  if 
any  bacteria  in  the  cells  in  the  fresh  milk  just  after  inoculation  with 
bacterial  cultures,  while  similar  preparations  made  from  the  same 
milk  eight  hours  later,  kept  at  37°  C,  showed  numerous  bacteria  in 
some  of  the  cells. 

The  following  experiments,  however,  demonstrate  that  the  ger- 
micidal power  of  milk  is  independent  of  its  cellular  contents.  The 
leucocyte-free  milk  is  quite  as  active  as  the  leucocyte-rich  sediment 
obtained  by  centrifugation. 

Table  No  15. 

[Milk  from  a  healthy  cow  (No.  2)  was  centrituged  tor  twenty  minutes  at  1,500' revolutions 
per  minute.  Part  ot  the  supernatant  fluid  was  passed  through  a  Berkefeld  filter  and  a 
clear  bluish  serum  obtained.  Five  sets  of  tubes  were  inoculated  with  24-hour  agar 
cultures,  (1)  the  filtered  clear  serum,  (2)  the  supernatant  fluid  free  from  leucocytes, 
(.'{)  the  sediment  rich  in  leucocytes,  (4)  the  original  whole  milk,  and  <5)  sterilized  milk. 
The  inoculations  were  made  three  hours  after  milking.] 


B.  typhosus  in  filtered  milk  serum „ 

B.  typhosus  in  leucocyte-iree  supernatant  fluid 

B.  typhosus  in  leucocyte-rich  sediment 

B.  typhosus  in  whole  raw  milk 

B.  typhosus  in  sterilized  milk  (control) 

B.  lactia  aerogenes  in  filtered  milk  serum 

B.  lactis  aerogenes  in  leucocyte-free  supeniatuiit  fluid 

11.  lactis  aerogenes  in  leucocyte-rich  sedimeiil 

B.  lactis  aerogenes  in  whole  raw  milk 

B.  lactis  aerogenes  in  sterilized  milk  (cumtrol) 

Original  milk 

«  Innumerable. 

This  tabic  also  shows  fhe  effect  of  shakiii 
bacterial  clusters. 


Bacteria 
per  loop, 
at  once 
after  inoc- 
ulation. 


22,000 
19,000 
32,000 

3,500 
16,000 
3;i,000 

4,000 
42,000 

5,400 

36,000 

19 


Shaken 

moderately 

before 

planting. 


10,000 
1,900 
3,600 
1,200 
J  l>  160, 000 
St  330, 000 


33 
a'>StiO,000 


Vigorous 
agitation 

before 
planting. 


"  About. 

(lie  milk  in  brc 


ikin 


g  up 
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Taiu.e  \o.  10. 

dlTIu-  milk  was  bi'oughl  to  the  laboratory  and  inoculalod  witli  llir  ciilluri's  Iwii  hours  after 
milking.  The  time  given,  however,  is  from  the  hour  of  inoculation.  When  obtained. 
the  whole  milk  contained  1,200  bacteria  per  cubic  centimeter.  The  sediment,  rich  in 
leucocytes,  contained  630  bacteria  per  cubic  centimeter,  and  the  milk  serum  490.  The 
milk  was  revolved  in  a  centrifuge  at  1,.')00  revolutions  for  twenty  minutes  ;  the  sediment 
pipetted  off  was  rich  in  leucocytes.  The  supernatant  serum  was  drawn  off  and  filtered 
three  times  through  asbestos  and  was  therefore  free  of  leucocytes.  The  milk  was 
Inoculated  with  a  pure  culture  of  B.  Inctis  aeroijenes  and  B.  typhosus.  Four  test  tubes 
were  prepared  with  each  culture,  (11  whole  milk,  (2)  the  sediment  rich  in  leucoytes, 
(3)  the  milk  serum  containing  no  leucocytes,  and  (4)  sterilized  whole  milk  used  as  a 
control.] 


Bacteria 
per  loop, 
at  once 
after  in- 
ocula- 
tion. 


Bacteria  per  loop  after — 


B,  lactis  aerogenes; 

Whole  milk 

Sediment,  rich  in  leucocytes.. 

Milk  serum,  no  leucocytes 

Control,  sterilized  milk 

B.  typhosus: 

Whole  milk 

Sediment,  rich  in  leucocytes  . 

Milk  serum,  no  leucocytes 

Control,  sterilized  milk 


1,500 
1,200 
1,400 
1,300 

7,200 
6,100 
4,200 
3,700 


2S,0OO 

5,000 
2, 400 
2,800 
15,000 


200,000 

1,500 
2, 300 
3,900 
67,000 


C) 

1,700 
1,600 
14,000 

(-) 


"  Innumera-ble. 

The  milk  in  both  of  these  experiments  was  obtained  from  a  healthy 
cow  (No.  2)  in  a  cleanly  manner,  but  without  special  precautions. 

Tlie  tables  give  the  number  of  bacteria  per  loop  on  agar,  grown  at 
37°  C.  and  counted  after  twenty-four  hours. 

These  tables  eliminate  the  leuco(;ytes  and  phagocytosis  as  a  material 
factor  in  the  problem  we  are  studying. 


IS   THE   GERMICIDAL   ACTION   SPECIFIC? 

Almost  all  those  who  have  studied  this  part  of  the  problem  con- 
clude Hiat  the  germicidal  action  of  milk  is  specific.  The  following 
experiment  confirms  these  observations.  Here  we  have  the  same 
milk  showing  an  active  power  of  restraining  the  gi'owth  of  typhoid 
and  stajjhylococcus  pyogenes  aureus,  but  not  ])aratyph()id  A  or  B. 

Reference  to  our  work  upon  the  influence  of  heat  {vide  infra)  upon 
this  property  of  milk  also  indicates  its  specific  nature. 

The  tal)le  again  demonstrates  that  agglutination  plays  at  least 
some  part  in  the  ap])areiit  decrease. 
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Table  No.  17. — Milk  fnim  licdllli]/  fow  (No.  2). 

1  Inoculated  one  and  one-half  hours  after  milkiDg.  Controls,  same  milk  heated  li>  bipiling. 
Organisms  from  1'4-hour  agar  culture.  iisinK  suspension  in  water  of  condensatiim  in  teat 
lube.] 


Test  tube 
mod- 
erately 
shaken. 


B.  typhosus  in  raw  milk 

B.  t5T)hosus  in  control 

B.  para  typhosus  A  in  raw  milk 
B.  i>ara  typhosus  A  in  control  . . 
B.  para  typhosus  B  in  raw  milk 
B.  para  typhosus  B  in  control. . . 
Staph,  pyog.  aureus  in  raw  milk 
Staph,  pyog.  aureus  in  control  . 
Original  milk 


Vigorous 
agitation 
01'  culture 
for  5  min- 
utes. 


12, 6U0 

(") 

9,100 


'  Innumerable 


THE   EFFECT   OF   DILUTION. 


Whole  raw  milk  from  a  healthy  cow  (No.  2)  was  diluted  in  the 
proportion  of  1  volume  of  milk  to  3  volumes  of  distilled  water. 
Inoculations  were  made  two  hours  after  milking;  24-hour  agar  cul- 
tures used. 

Table  No.  18. 


B.  typhosus  in  diluted  milk  (H-3) 

H.  typhosus  in  same  milk  undiluted 

B.  typhosus  in  sterilized  milk  (control) 

B.  lactis  aerogcnes  in  diluted  milk  (1-1-3) 

B.  lactis  aerogcnes  in  same  milk  undiluted 

B.  lactis  aerogenes  in  sterilized  milk  (control) 

"lunurherabli- 


Bacteria 
per  loop  at 
once  after 

inocula- 
tion. 


35,000 
16,000 

3,000 
5,400 
36,000 


Tube 
shaken 
moder- 
ately. 


1,200 
•I- 160, 000 


Culture 
vigorously 
agitated  & 

minutes 

and  mixed 

with  a 

pipette. 
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K  No.  It). — Milk  /rum  a  livultliy  coic   (Ao.  .i). 
hours  after  milkiiiy. 


■iilulvil  iiitc  (iiiil.  (ini-hiilf 


lis,  same  milk  heated  to  100*  C.  in  Arnold  sterilizer  for  ten  minutes.      Organisms 
from  i;4-Lour  agar  cultures,  suspended  in  normal  salt  solution] 


M  lis  aerogenesin  raw  milkdiluted  with  same  milk  boiled  (raw  3  parts. 

iilrd  I  part) 

n  lis  aerogenes  in  same  milk  undiluted 

iriis  aerogenes  (control,  i.  e.,  boiled  milk) 

>  pliosusin  raw  milk  diluted  with  boiled  milk  as  above  (3+1) 

;  iiiiosusin  same  milk  undiluted 

pliosus  (control,  i.  e.,  boiled  milk) 

Jritaphylococcus  pyogenes  aureus  in  raw  milk  diluted  with  boiled  milk  as 

above  (3+1) 

Staphylococcus  pyogenes  aureus  in  same  milk  undiluted 

Staphylococcus  pyogenes  aureus  (control,  i.  e.,  boiled  milk) 

Original  milk 


Bacteria 
per  loop  at 
once  after 

milking. 

Bacteria  per 
loop  after  7i 
hours  at  37° 

C.    Tube 
shaken  mod- 
erately. 

I,4(i0 

'.1,000 

6,(»0 

30,000 

1 ,  200 

'") 

2,040 

2,100 

1.S.S0 

2,310 

2,160 

C) 

1,060 

1,.530 

1,290 

1 ,  320 

2,660 

30,000 

a  Innumerable. 

Dilution  ha.s  an  appreciable  effect.  For  instance,  in  Table  No.  18 
there  was  a  reduction  of  S)().(J  per  cent  in  the  number  of  colonies  of 
typhoid  in  whole  milk,  but  only  73  per  cent  in  the  diluted  milk.  A 
similar  effect  is  shown  in  relation  to  B.  lactis  aeroc/enes. 

These  experiments  were  originally  designed  to  demonstrate  the 
presence  of  a  germicidal  substance  in  solution,  but  the  results  again 
show  that  the  action  is  in  part  at  least  due  to  agglutination.  As  far 
as  the  restraining  action  is  concerned,  the  results  resemble  a  feeble 
antiseptic  rather  than  a  germicide. 

THE   EFFECT   OF   HEATING   AND   FREEZING. 

The  effect  of  heat  varies  with  the  micro-organism.  The  power  to 
restrain  B.  lactis  ucroycues  is  weakened  and  destroyed  before  that  for 
typhoid.  Thus,  55°  C.  for  thirty  minutes  or  G0°  C.  for  twenty 
minutes  markedly  alters  or  destroys  the  power  of  milk  to  restrain  the 
B.  htctis  acrofjenes,  while  this  degree  of  lical  shows  little  influence  as 
far  as  B.  fj/phosus  is  concerned. 

Freezing  milk  for  ten  minutes  apparently  does  not  influence  its 
germicidal  power.  Freezing  the  milk  for  forty-eight  hours  before 
inoculating  it  has  no  influence  upon  its  restraining  action  as  far  as 
the  ty])hoid  oi-ganism  is  concerned,  but  ap])arently  destroys  thi.s 
power  for  />.  /mf/s  <i<'i'(>(/fi)<'x. 
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111  the  freezing  experiments  a  bniall  quant'ty  of  the  milk  was 
frozen  solid  by  a  mixture  of  salt  and  ice  and  kept  in  this  condition 
for  the  periods  stated.  It  was  then  cautionsly  thawed  and  inoculated 
with  the  micro-organisms  to  be  tested. 

The  reason  for  selecting  the  tennjeratures  used  in  Table  Xo.  20.  viz, 
55°  C.  and  G5°  C,  was  to  differentiate  the  true  bactericidal  from  the 
agglutinating  substances,  based  upon  similar  work  upon  blood  serum. 

Table  No.  20. — yjillc  from  a   licultliy  cow    {Xo.  2)    inoculated  two  hours  iiftcr 
milking. 


Bacteria 
per  loop  at 
once  after 

inocula- 
tions. 


Bacteria 

per  loop 
after  8 
lionrs 

at37°-C. 


B.  typhosus  in  milk  first  frozen  10  minutes 

B.  typhosus  in  milk  heated  to  60°  C.  20  minutes 

B.  typhosus  in  milk  heated  to  80°  C.  20  minutes 

B.  typhosus  in  the  whole  raw  milk 

B.  typhosus  in  sterilized  milk  (control) 

'B.  lactis  aerogenes  in  milk  first  frozen  10  minutes , 

B.  lactis  aerogenes  in  milk  heated  to  G0°  C.  20  minutes 
B.  lactis  aerogenes  in  milk  heated  to  80°  C.  20  minutes 

B.  lactis  aerogenes  in  the  whole  raw  milk 

B.  lactis  aerogenes  in  sterilized  milk  (control) 

Original  milk 


(») 

8,000 
18,000 

.S,500 
1(5,000 
10,000 

11,000 

20,000 

6,400 

36,000 

19 


800 

12,000 

o'' 380, 000 

1,200 

■idliM.OOO 

1,700 

a  b  f,Q,  000 

a  6  400, 000 

33 

o  1)  r>oo,  UUO 


»  lE 


jmerable. 


'.Vbout. 


Tablk   No.   21. — Milk   from    hcdllliii   coir    {Xo.   ..')    inoculated   tiro   hours   after 

in  ilk  in  t/. 

[L;4-hour  culture  used  in  each  case] 


B.  typhosus  in  raw  milk  untreated 

B.  typhosus  in  milk  heated  to  55°  C.  30  minutes 

B.  typhosus  in  milk  heated  to  65°  C.  30  minutes 

B.  typhosus  in  milk  boiled  1  minute 

B.  lactis  aerogenes  in  raw  milk  initreated 

B.  lactis  aerogenes  in  milk  heated  to  B3°  C.  30  minutes 
B.  lactis  aerogenes  in  milk  heated  to  65°  C.  30  minutes 
B.  lactis  aerogenes  in  milk  boiled  1  minute 

Original  milk 


Colonies 
per  loop 
at  once 
after 
inocu- 
lation. 


1,070 
1,350 


l.MO 
2,400 
13,000 

12,000 

(<■) 
(") 

(») 

18 


Vig(»rously 
agitated. 


4,300 
17,SJ0 


ral)lc 
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|able  No.  22. — Milk  from   licultlty  cow    (Vo.  i})    inoculuUd   three  liour-t  after 

milkiny. 

[24-hour  agar  culture  used  in  each  case] 


.  typhosus  in  whole  raw  milk 

;.  typhosus  in  whole  milk  heated  to  G0°  C.  2U  minutes  . 
!.  typhosus  in  sterilized  milk  (control ) 

,  lactis  aerogenes  in  whole  raw  milk 

I.  lactis  aenigenes  in  milk  heated  to  60°  C.  20  minutes. 

lactis  aerogenes  in  sterilized  milk  {control ) 

)riginal  milk 


Bacteria 
per  loop 
at  once 
after 
inocu- 
lation. 


Shaken       Vigorously 
bnaken.       agitated. 


3, 400 
1  b  200, 000 


11,000 
o  (■  LW,  000 


'  Innumerable 


Table  No.   23. — Milk  from   health i/  cr>w    (No.   2}    initvulated   one   mid   one-half 
hours  after  mUkiny. 

1 24-hour  agar  culture  in  each  case.] 


B.  typhosus  in  whole  raw  milk 

B.  typhosus  in  whole  milk  heated  to  60°  C.  30  minutes  . 
B.  typhosus  in  whole  milk  heated  to  70°  C.  30  minutes. 

B.  typhosus  in  whole  milk  first  frozen  for  48  hours 

B.  typhosus  in  milk  boiled  for  1  minute  (control) 


B.  lactis  aerogenes  in  whole  raw  milk 

B.  lactis  aerogenes  in  whole  milk  heated  to  60°  C.  30  minutes... 
B.  lactis  aerogenes  in  whole  milk  heated  to  70°  C.  30  minutes... 

B.  lactis  aerogenes  in  whole  milk  first  frozen  48  hours 

B.  lactis  aerogenes  in  whole  milk  boiled  for  1  minute  (control) . 

Original  milk 


Bacteria 
per  loop  at 
once  alter 

inocula- 
tion. 


1,000 
1,700 
2,100 
1,520 
1,800 
2,000 
1,670 
870 
1,040 
3,000 


Colonies  per  loop  after 
10  hours  at  370  C. 


.Shaken       Vigorously 
bflaKen.       agitated. 


3,600 

18,000 

•6  200,000 

1,020 
1 6  too,  000 

29,000 
«xl00 
"XlOO 
»X  20 
ox  30 


19,500 

43,000 

<i630O,00O 


•Innumerable 

ilioul   the  KlalcMl  iiu 


if  linn-s  I  lie  nuniltei 


'  About. 
Dlonies  shown  in  the  first 


REVIEW  OF  THE  LITERATURE  UPON  THE  SUBJECT. 


It^  will  be  seen  from  the  following  review  of  the  literature  iijxiii 
tliiw  subject  that  our  work  confirms  the  facts  which  have  been  re- 
conhid  by  .some  others.  There  is,  however,  a  disagreement  concerning 
the,  iii(erj)r('tiitioii  of  these  facts.  One  class  of  observers,  wiiile  adinil- 
ling  (liat  there  is  a  primary  reduction  of  liactcria  in  fresh  raw  milk. 

believes  this  to  be  entirely  indepeiidcMl  of  any  germicidal  acli f 

lli:d    fluid.       'Pile   rcduelioii    is  all  lilmlcd   to  nlher  causes,  siicii   as  a 
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i 
"restraining"  action  of  the  milk,  inhibition  resulting  I'roin  strange; 
media,  etc.  Others  believe  that  fresh  raw  milk  j^ossesses  definite,! 
though  feeble,  germicidal  properties.  Some  of  the  authorities  cited 
absolutely  deny  not  only  the  germicidal  but  also  the  restraining 
power  of  milli,  claiming  a  steady  increase  in  numbers  from  the  stai't. 

Fokker''  was  the  first  to  call  attention  to  the  bactericidal  prop- 
erties of  milk.  He  was  led  to  investigate  this  subject  through  the 
results  of  Nuttall,  Buchner,  and  Lubarsch,  who  found  that  l)io()d 
contained  substances  capable  of  destroying  bacteria.  K()kk(!r 
obtained  goats'  milk  under  careful  aseptic  precautions  and  divided 
it  into  two  portions,  one  of  which  was  heated,  and  both  portions 
then  infecte.d  with  bacteria  of  souring  milk.  The  cooked  ])urtion 
would  always  sour  within  twenty-four  hours,  while  the  fresh,  un- 
heated  portion  would  keep  at  least,  and  sometimes  more  than,  three 
or  four  days. 

He  also  noted  that  by  the  use  of  cultures  on  jjlates  there  was  first 
a  diminution  in  the  number  of  bacteria  in  milk.  He  further  found 
that  the  brief  heating  of  milk  did  not  always  destroy  its  bactericidal 
properties,  but  that  prolonged  heating  at  70°  C.  is  sufficient  to  destroy 
this  action. 

Uifelmann ''  observed  the  multiplication  of  cholera  vibrios  during 
the  first  twelve  to  sixteen  hours  in  law  milk  to  be  less  than  in  the 
controls  with  cooked  milk. 

Weigmann  and  Zirn  <^  also  investigated  the  question  of  cholera 
vibrios  in  raw  milk  and  found  a  diminution  in  the  fii'st  four  hours, 
but  not  in  cooked  milk.  They  believe  that  the  presence  of  acid 
causes  the  killing  of  the  vibrios. 

A  few  years  later,  1894,  Hesse ''  confirmed  the  j^ioneer  work  of 
Fokker  and  stated  most  positively  that  cholera  and  tyjjhoid  are 
both  killed  by  fresh  milk  and  concludes  from  his  studies  as  follows: 

The  killing  of  the  orgnnisnis  begins  the  moment  the  cholera  bacilli  are  added 
to  tile  milk.  This  is  complete,  almost  without  exception,  at  room  temperature 
(15°-20°  C.)  within  twelve  hours;  at  incubator  temperature  within  six  to  eight 
hours.  The  destniclidii  nf  I  lie  urgnnisnis  is  inde|)endent  of  the  acid  content  of 
the  milk,  and  indepcinlcnl  nf  I  lie  milk  organisms  and  their  metabolic  products. 
It  is  more  probntjly  to  l)e  looked  iipdii  ns  ;i  \it:il  function  of  the  living  milk, 
which  is  immediately  lost  upon  heiiting  Id  Kid"  (". 

He,  therefore,  recommended  the  list'  of  raw  milk  as  a  Iherapcitit! 
jneasure  in  cholera. 

"Fokker,  A.  P.:  Ueber  die  bacterienvernielitenden  lOigeusehaften  der  Milch. 
Fortschr.  der  Med.,  vol.  S.  ISilO,  ]i.  7. 

I'  UlTelmanu,  J.:  Beilrlige  znr  Tiinldgic  d«'S  ('liolcrMbiuillus.  Herl.  kliii.  Wodi., 
vol.  :J!>,  l.S!t2.  i>.  VJOO. 

'  \Veigm:iiin,  II.,  and  Zirn,  (Ig.  :  lehcr  <lns  \Ci-li,illcn  drr  ( 'liiiliT;ih:iU(iM-ii'M  in 
.Milch  uiid  .MolkerclprodiikteM. 

''Hesse,  Waller:  Ueber  die  Itezii'lniiigfii  zwisc-licii  Kniiiiiilrh  nod  ( 'luilenilmcil- 
leu.    Zell.  r.  llyg.,  vul.  17,  isiil.  p,  L'.'ls. 
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Basenau,"  1895,  disagrees  with  Hesse  in  that  he  could  not  confirm 
till'  destruction  of  cliolera  vibrios  in  raw  milk,  but  found,  on  the  con- 
tiarv.  that  these  organisms  multiply  vigorously  from  the  start.  He 
al-o  experimented  with  B.  morhificans  hovis  (enteritidis  group)  with 
till'  same  result.  He  drew  his  milk  from  a  healthy  cow  under  spe- 
i  iai  antiseptic  precautions,  but  could  not  demonstrate  definite  bacte- 
lic  idal  substances  in  the  milk.  At  most  Basenau  believes  that  there 
i-  only  a  temporary  restraining  power,  and  he  found  that  a  similar 
restraining  action  was  present  when  bacteria  were  transplanted  into 
iiiUrient  bouillon,  and  therefore  this  property  is  not  specific  for  milk. 

Ileim''  agrees  with  this  view  and  adds  to  the  list  of  organisms 
which  are  not  affected  typhoid  and  tubercle  bacilli. 

Schottelius,'"  Kitasato ''  and  Friedrich  "^  confirm  the  work  of  Base- 
iiaii  and  Hcim  upon  the  lack  of  bactericidal  properties  of  fresh  milk. 

Cozzolino  f  studied  asses',  cows',  goats',  and  human  milk,  finding 
a  reduction  of  organisms  in  a  portion  of  the  experiments,  asses'  milk 
being  the  strongest  and  goats'  milk  the  weakest  in  bactericidal  activ- 
ity. Human  milk  is  unique  in  its  behavior  toward  B.  coli  communis^ 
reducing  the  numbers  materially  during  the  first  fourteen  to  twenty- 
four  hours.  Cozzolino,  however,  used  milk  which  he  endeavored  to 
render  sterile  by  heating  to  55°  to  58°  C.  for  one  hour  on  each  of  eight 
successive  days. 

Schenk"  found  a  bactericidal  substance  in  human  milk,  though  in 
small  quantities. 

Hunziker,*  1901,  showed  that  the  action  of  the  germicidal  sub- 
stance or  condition  varied  with  the  individual  cow  and  that  its  dura- 
tion was  influenced  by  the  degree  of  temperature  at  which  the  milk 
was  kept.  The  germicidal  action  was  most  rapid  at  comparatively 
high  temperatures  and  the  minimum  number  of  bacteria  was  reached 
in  a  com  pa  I'a  lively  short  time,  while  at  the  lower  temperatures  the 
intensity  of  the  action  was  lessened  and  its  duration  was  increased 
so  that  tlie  minimum  number  was  reached  at  a  later  period. 

Klimmer,'  as  a  result  of  his  work,  concludes  that  human  milk 
lowei's  the  number  of  organisms  greatly,  but  that  asses'  milk  develo])-^ 

"Basen.in.  Fritz:  t'eber  die  Aussclieidung  von  Hacterieu  durcb  die  tliatige 
Milcli  driise  uiid  (il)er  die  sow".  I)ac(ericiden  Kifiensclinfteu  der  MilcU.  Ai'cli.  f. 
Hj-f.'.,  vol.  2.3.  181)4.  I).  44. 

Tleiiii:  .\rb.  Kais.  GesiindliaiiiK"..  vol.  4,  p.  2!I4. 

"^  Scliottelius:  C'entralbt.  f.  Halvterlol..  v.  '_'().  no.  2."..  Itcc,  IS'.M!.  p.  Sli7. 

•*  Kitasalii.  S. :  Das  Verlialten  iter  ( ■liolcial.aclerien  in  der  Mlleli.  Zoit.  f. 
n.VK..   vol.   .".   ISS'l,   fi.   i'M. 

*■  Friedrieli  :  Arl),  .-i.  d.   Kais.  (Jcsiidlilsaiiilc.  vol.   i:;.  p.  4(;."i. 

/Cozzolino:   .\rcli.   f.   Kiii.liTlicilkiindc.   vol,  :!:;,   p.    In.-,. 

■"  Scliciili  :    .Moiiatlsschi'.   f.   iU-h.  ii.  (Jyii..   vol.    i;p.   1:mi1. 

'' IliiiiziUcr:   Conicll   Tniv.  Xiiv.  ICxpcr.   Sin..   I'.iill.   IHT.   I'.KH. 

'  KliiiuiMT:   .\n-li.  f.  KiiiilcrhcilUuiulc.  vol.  ;!(;.   1!M«,  |..  1. 
1  II  I— Hull.    .%(!— (l!>  -      ;!1 
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a  specific  bactericidal  activity.  He  does  not  look  upon  the  reduced 
number  of  bacteria  as  a  result  of  the  bactericidal  activity,  but  l:)elieves 
it  to  be  due  rather  to  a  change  in  the  media. 

Moro"  denies  all  bactericidal  projserties  of  raw  milk  so  far  as  the 
cholera,  typhoid,  and  colon  bacteria  are  concerned.  This  he  fomul 
true  of  cow's  as  well  as  of  woman's  milk.  He  found,  however,  that 
the  serum  of  breast-fed  children  had  greater  bactericidal  properties 
than  the  serum  of  children  raised  on  cooked  milk. 

Park  '>  studied  this  question  in  1901  and  concluded  that  freshly 
drawn  milk  contains  a  slight  and  variable  amount  of  chemical  sub- 
stances which  are  capable  of  inhibiting  bacterial  growth.  At 
temperatures  under  50°  F.  these  substances  act  efficiently,  unless  the 
milk  is  filthy,  for  from  twelve  to  twenty-four  hours,  but  at  higher 
temperatures  their  effect  is  very  soon  completely  exhausted,  and  the 
bacteria  in  such  milk  will  then  rapidly  increase.  Thus  the  bacteria 
in  fresh  milk  which  originally  numbered  5,000  jier  cubic  centimeter 
decreased  to  2,400  in  the  portion  kept  at  42°  F.  for  twentj'-four  hours, 
but  rose  to  7,000  in  that  kept  at  50°  F.,  to  280,000  in  that  kept  at 
'65°  F.,  and  to  12,500,000,000  in  the  portion  kept  at  95°  F. 

Park,''  1901,  believes  this  property  is  too  elusive  to  be  of  practical 
use  in  dairying. 

Conn,*  1903,  confirmed  the  fact  that  during  the  first  six  hours 
there  is  a  dimunition  in  the  number  of  bacteria  in  raw  milk,  but 
leaves  the  question  open  whether  we  are  dealing  with  germicidal 
jjroperties  in  raw  milk  or  whether  the  organisms  are  simph'  becom- 
ing more  accustomed  to  their  new  medium. 

Heinemann "'  reported  some  investigations  upon  the  subject 
which  may  reconcile  the  results  of  the  different  writers.  He  finds 
tliat  for  certain  species  of  bacteria  there  is  a  bactericidal  substance 
in  I'inv  milk  while  for  other  species  there  is  none.  Moreover,  this 
germicidal  property  does  not  assert  itself  after  the  milk  is  from  five 
to  seven  hours  old.  This  power  is  also  destroyed  after  heating  milk 
to  56°  C.  for  thirty  minutes  or  by  bringing  it  to  the  boiling  point. 

Stocking,^  1904,  investigated  this  question  by  studying  the  nuilti- 
plication  of  certain  groups  of  bacteria,  and  concluded  that  many  of 


"Moro:  Munch,  mod.  Woeh..  vol.  4S,  Oct.,  1001.  p.  1770:  also  Arch.  f.  Kiiulpr- 
heilkuiule,  vol.  3:$,  ]).  •JS.'i.  1902. 

"Park,  William  H. :  The  great  bacterial  coiitaiiiinatiou  of  tlic  milk  of  cities, 
can  it  tie  lessoned  b.v  the  action  of  licaltli  aiitlioriticsV  >.'.  Y.  Tniv.  Hull,  of  Mod. 
Sci.,  vol.  1,  1901,  p.  71. 

Tark,  William  II.:   N.  Y.  Univ.  Hull.  Mod.  Sci.,  vol.  1,  1001. 

''Conn.  W.  II.;   Bacteria  in  milk  and  its  products.     London,  lOOvi.  ji.  0*^. 

'  Iloinoniann,  I'ani  Custav  :  'I'lio  kinds  (if  bacteria  concornod  in  tlu'  sduriny;  of 
udlk.     Chicano,  V.nf.i. 

'Stocking,  W.  .\.,  .Ir.  :  Tho  so-callod  "  gornLicidiil  properly"  of  milk.  .Storrs 
Agric.  Sta.  lUill.  i;.s.  1004,  p,  .S',). 
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the  species  gaining  access  to  the  milk  find  the  condition  so  different 
1<>  tlieir  natural  liabitat  tliat  they  are  not  able  to  nuiltiply  and  there- 
fnie  they  drop  out  very  soon.  On  the  other  hand,  common  lactic- 
aiid  organisms  multiply  more  or  less  rapidly  and  continuously  from 
lilt'  start.  He  believes  that  the  reduction  in  the  number  of  bacteria 
.luring  the  first  few  hours  is  not  the  result  of  any  germicidal  condi- 
iicju  or  property  possessed  hy  the  milk,  but  simply  the  natural  drojj- 
ping  out  of  those  species  which  do  not  find  the  milk  a  suitable 
iKi'iliuni  in  which  to  develop. 

Rehring,"  1904,  in  his  recent  publications  claims  that  milk  has 
,-imilar  bactericidal  property  to  that  possessed  by  the  blood.  Fur- 
iliiT.  that  these  bactericidal  substances  are  rendered  inactive  at  G0° 
C  for  one  hour  or  50°  C.  in  vacuo.  He  believes  that  heating  milk  to 
'II  C.  for  sixty  minutes  appreciably  weakens  the  immune  bodies 
cDiitained  in  it,  and  that  the  great  mortality  of  infants  in  large 
1  ities  has  a  direct  relation  to  the  use  of  cooked  milk.  He  believes 
that  the  important  point  in  infant  feeding  is  to  use  milk  in  which 
llic  native  antibodies  are  intact.  He  uses  this  as  one  of  his  argu- 
iiicnts  in  advocating  the  use  of  formaldehyde  to  preserve  milk. 

Friedel,  Kutscher,  and  Meinicke,''  1904,  working  under  Kolle's 
direction,  in  Koch's  Institute  for  Infectious  Diseases,  at  Berlin,  found 
as  a  result  of  numerous  experiments  that  fresh  raw  milk  contains 
bactericidal  properties,  similar  to  those  of  fi'esh  blood  serum,  against 
the  cholera  vibrio.  But  no  such  property  was  found  as  far  as  the 
typhoid,  paratyphoid,  and  dysentery  bacilli,  the  organism  of  meat- 
poisoning,  and  B.  foli  are  concerned. 

They  found  that  fresh  raw  milk  has  a  feeble  jiroiierty  of  restrain- 
ing the  growth  of  the  dysentery  bacillus.  This  property  is  not  de- 
stroyed by  heating  the  milk  to  00°  C.  for  one  hour,  but  is  destroyed 
above  70°  C.  These  investigators  believed  that  this  property  of  milk 
in  question  is  a  restraining  action  and  not  a  bactericidal  one,  espe- 
cially in  view  of  their  dilution  experiments. 

They  found  that  the  bactericidal  property  of  milk,  as  far  as  the 
cholera  organism  is  concerned,  is  weakened  by  heating  the  milk  to 
60°  C.  and  by  (he  addition  of  hydrochloric  acid,  pepsin,  and  s])utum. 

Knox  and  Schorer'^  find  that  neither  raw  nor  pasteurized  milk 
seems  to  exert  any  definite  deterrent  action  upon  the  growth  of  the 

"  RphritiR.  10.:  Siiiifrlirinsniili-li  mid  Siiu^rliiifistcrliliclikcil.  'I'hcr.ipic  dio  OoKeii- 
Wiirt,  n.  s.,  vol.  4,  1004,  p.  1-10. 

''  rntersiiclniiiKen  iilicr  die  biikterizidcn  niid  (■nlwicki-UiiifisclKMiiiiK-ndcn  Wirk- 
iiiiKi'M  dcr  rolu'ii  mid  dcr  aiif  vcrscliicdciic  'Pcnipcnitin'on  oiwaniitcn  ^[ilf'h 
RfKcii  fiber  don  (ibcii  frciitiMiitcn  I'.iiktcricii.  Klinisdic  .Tiiliriiiicli,  vol.  1.">,  I'.KM  .'>, 
I>.  H2S. 

■■  KiMix,  .1.  II.  Mmsiim.  niid  Sclidrci-,  IMwiii  II.:  A  study  <if  lius|iiliil  MUd  disju'ii- 
Kjiry  iiiin<  in  wnnii  wciiOjiT.  willi  s|H'ii:il  icfcrcin'c  to  |i;is(ciiri/.;ilinn.  .\rcli.  cif 
I'fdiutriis,  .lul.v,   r.ioT. 
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dysentery  bacillus,  and  conclude  that  it  is  evident  that  the  much 
talked  of  bactericidal  action  of  milk  is  of  little  or  no  aid  in  maintain- 
ing the  low  count  desired  in  a  milk  used  in  infant  feeding. 

[Since  publishing  our  article  the  following  additional  references 
to  the  literature  have  come  to  our  notice :] 

Coplans  °  poinis  out  that  two  phenomena  must  be  considered  when 
organisms  are  transferred  to  a  new  medium.  First,  a  period  of 
latency  due  to  change  of  environment  (nature  of  food  supply,  reac- 
tion, and  temperature).  During  this  period  of  latency  there  is  little 
or  no  increase  in  number.  The  second  phenomenon  is  one  observed 
in  the  case  of  fresh  raw  milk.    It  is  a  bactericidal  inhibitory  property. 

He  showed  that  during  the  first  six  hours  there  is  a  reduction  in  the 
number  of  B.  coll  in  raw  milk,  but  no  change  in  the  number  in  boiled 
milk.  At  the  end  of  twenty-four  hours  the  increase  in  numbers  in 
boiled  milk  is  twenty  times  as  great  as  in  raw  milk;  at  the  end  of 
forty-eight  hours  there  is  little  difference  in  the  numbers  in  raw  and 
boiled  milk.  He  holds  that  a  given  quantity  of  fluid  can  harbor  only 
a  certain  number  of  organisms;  therefore  the  number  of  bacteria 
planted  has  something  to  do  with  the  rapidity  of  growth. 

An  interesting  point  demonstrated  by  Coplans  is  the  fact  that  the 
addition  of  enough  boric  acid  to  merely  check  the  growth  of  organ- 
isms in  milk  abolishes  all  bactericidal  property  of  the  fluid. 

Moro,''  in  a  recent  investigation,  found  that  unfiltered  raw  cow's 
milk  always  etiected  a  diminution  in  the  number  of  colonies  of  B. 
typhosus  during  the  first  few  hours.  He  believes  this  action  is  due  to 
a  true  bacteriolytic  alexin.  Hunuxn  milk  never  brought  about  any 
actual  reduction  in  the  number  of  B.  ti/phasiix.  but  i-estrained  the  mul 
tiplication  as  compared  with  the  boiled  milk.  He  found  that  passing 
cow's  milk  through  a  Berkefeld  filter  deprived  it  of  the  power  to 
reduce  the  number  of  bacteria  or  to  restrain  their  multiplication. 

St.  John  and  Pennington  ''  found  that  the  heating  of  milk  to  79°  C. 
not  only  took  away  the  power  to  bring  about  an  initial  decrease  in 
the  number  of  organisms,  but  destroyed  the  power  to  restrain  the 
multiplication  of  bacteria  throughout  the  jieriod  of  observation, 
which  was  to  (lie  souring  point.  They  call  attention  to  the  great 
care  necessary  in  handling  milk  after  connnercial  pasteurization,  as 
when  infected  the  growth  of  organisms  is  nnich  greater  tlian  in  milk 
not  subjected  to  the  process.  The  raw  milk  usually  remained  sweet 
twenty-four  hours  longer  than  iiastenrized  milk  i-einfected  with 
organisms  from  the  raw  milk.  They  considered  organisms  only 
that  were  normally  present  in  milk. 

«  Copliins,  T,atioot.  pi).  1074-IOSn.     Of(nl)oi-  10.  1007. 
''Mori),  Zeit.  f.  fxp.  r.itli.  u.  Tlicnip.,  pp.   ITd  4T!l.     I?erliii.  1007. 
'"St.  .loliii  and   I'eiiniii^rlim,  Jourual  of  Infirtious  lUseasos,  vol    1.  .No.  4.  pp. 
047-«r>(;.     1!»(17. 
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Evans  and  Cope "  have  recently  experimented  upon  the  bacterici(hil 
property  of  milk  and  have  reached  tiie  followino-  conclusions: 

1.  Freshly  drawn  milk  possesses  a  bactericidal  activity  toward  cer- 
tain micro-organisms  and  an  inhibitory  activity  toward  others. 

2.  This  acti\ity  is  destroyed  at  G8°  C.  and  materially  injured  at 
55°  C.     It  varies  in  ditferent  cows  and  lasts  from  six  to  twelve  hours. 

3.  Coagulation  and  acidity  of  milk  do  not  depend  solely  upon  the 
bacterial  content.  They  are  influenced  by  natural  pro])erties  of  milk, 
which  are  soon  overshadowed  by  the  metabolic  products  of  bacteria. 

i.  Sterile  cow's  milk  freshly  drawn  is  acid  to  phenolphthalein  and 
increases  very  slowly  in  acidity  independent  of  bacterial  metaljolism, 
due  probably  to  the  destruction  of  colostrum  cells. 

5.  Results  obtained  in  testing  milk  with  mixed  bacterial  flora'  are 
influenced  by  bacterial  antagonism. 

Rullmann  and  Tronnnsdorti' ''  state  that  they  made  a  number  of 
tests  concerning  the  bactericidal  properties  of  fresh  milk.  They  state 
however,  that  unfortunately  their  experiments  have  not  yet  given 
them  as  clear  a  picture  as  they  would  wish  of  this  apparently  rather 
complicated  phenomenon.  However,  they  state  that  it  seems  justi- 
fiable to  draw  certain  conclusions  from  their  work  without  giving 
any  of  the  details  of  the  experiments.     The  conclusions  follow : 

(1)  That  the  bactericidal  power  of  milk  is  increased  when  it  conies 
from  udders  the  seat  of  mastitis  (increased  secretion  of  serum  and 
also  of  alexin?  influence  of  bacteria  upon  the  (local?)  production  of 
immune  bodies  in  the  milk?). 

(•2)  That  there  is  a  direct  relation  t)etween  the  bactericidal  prop- 
erty of  milk  and  the  number  of  leucocytes  that  it  contains. 

In  a  recent  study  upon  the  germicidal  action  of  cow's  milk  Heine- 
mann  and  Glenn  ''  conclude  as  follows: 

The  decrease  of  bacteria  in  fresh  cow's  milk  is  more  decided  if 
fairly  large  numbers  are  inoculated  than  if  small  number  only  are 
prasent. 

The  relative  increase  of  bacteria  in  milk  is  more  pronounced  in 
milk  heated  to  75°  C.  or  100°  C.  than  in  raw  milk  or  ucilk  heated  to 

5(;   c: 

The  (lifFereiicc  in  the  relative  decrease  in  numbers  of  bacteria  in 
milk  moderately  shaken  and  vigorously  shaken  is  not  marked  if  this 
shaking  is  done  by  hand.     Some  ditierence  was  observed,  however, 


"  The  bactericidal  propert.v  of  milk,  l).v  .Tosepli  S.  Evans  and  Thomas  A.  Cope, 
liiiversity  of  roMiis.vlvaiii.i  Medical  Hulletlii,  Vol.  XXI.  pp.  2C.1-271.     100S. 

'' .Milclili.VKieiiiscln'  riilcrsucliuiiKcli.  W,  itiilliiianii  ami  It. 'rrdiuiusdoi-ff.  Ari'luv 
liir   II.VKii'llc,    Vol.    I, IX.    |i|i.   L'L'I    2r,!r,.      T.MM>-7. 

'  Heiiiemaiin,  I'.  (!.,  and  Clciiii.  'I'.  II.:  "  I'.xpcriineiits  on  the  Kerndcidal  .idion 
iif  cow's  uiilk."  .louru.  liilcc.  His.,  \ol.  \-,  pp.  .>j4-541,  Dec.  IS,  1908. 
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and  this  difference  might  he  more  pronmnu'ed  if  the  niillc  were  shaken 
more  violently. 

Some  species  occurring  naturally  in  milk  decrease  considerably  in 
numbers  during  the  first  four  or  five  hours,  some  decrease  slightly, 
some  hold  their  own  or  even  increase. 

Milk  inoculated  with  pure  cultures  of  bacteria  seems  to  restrain  to 
a  marked  degree  the  multiplication  of  these  bacteria  for  several  hours 
at  37°  C.  and  for  a  somewhat  longer  period  at  room  temperature,  ex- 
cepting in  the  case  of  Strepf.  lacticus^  which  increases  from  the  begin- 
ning, although  it  may  be  inhibited  to  some  extent. 

Heating  milk  to  56°  C.  for  thirt}'  minutes  does  not  entirely  destroy 
the  power  to  restrain  the  multiplication  of  bacteria :  this  power  is 
weakened,  however,  and  at  75°  C.  is  destroyed  entirely.  This  fact, 
together  with  the  fact  that  milk  serum  agglutinates  some  species  of 
bacteria  in  vitro  to  a  marked  degree,  seems  to  favor  the  assumption 
that  agglutinins  are  in  part  responsible  for  the  apparent  decrease  of 
bacteria  in  fresh  milk,  since  bactericidal  substances  are  destroyed  by 
heating  to  56°  C.  for  thirty  minutes. 

The  agglutination  of  certain  bacteria  in  milk  serum  seems  to  bear 
some  relation  to  the  apparent  decrease  in  numbers  of  bacteria  ob- 
served in  fresh  milk,  but  this  is  probably  not  the  only  factor  causing 
such  reduction. 

SUMMARY  AND   CONCLUSIONS. 

Judged  by  the  number  of  colonies  that  develop  upon  agar  plates, 
the  bacteria  in  milk  first  diminish  then  increase  in  number.  This  so- 
called  germicidal  property  of  milk  occurs  only  in  the  fresh  raw  fluid. 

For  the  most  part,  our  work  j^lainly  shows  that  no  actual  reduction 
in  the  number  of  bacteria  occurs.  However,  when  compared  with 
the  ccmtrols  a  restraining  action  is  evident.  The  phenomenon  there- 
foi-e  appears  to  resemble  that  of  a  weak  antiseptic  rather  than  that  of 
a  true  germicide. 

When  milk  is  kept  warm  (37°  C),  the  decrease  is  pronounced 
within  tile  first  eight  or  ten  hours.  After  this  time  the  milk  has 
entirely  lost  its  restraining  action. 

When  the  milk  is  ke2)t  cool  (15"  ('.).  the  decrease  is  loss  marked, 
but  more  prolonged. 

The  (k'creaso  in  the  nunilier  of  bacteria  is  largely  apparent,  Iteing 
due  at  least  in  ])art  to  agglutination. 

The  l)acterial  clusters  may,  to  a  certain  extent,  be  shaken  asunder. 
This  fact  g<K's  far  to  reconcile  (lie  tliscordant  results  of  the  various 
investigations  upon  the  germicidal  pro[H'rties  of  milk.  Those  who 
used  dihition  metliods  wilii  vigorous  agitation  broke  up  the  liacterial 
clusters,  and  (Inis  obtained  a  larger  mnnber  of  colonies  upon  agar 
plates  (han  tliose  wlio  plated  directly  with  dill'erent  teelnii(|ue. 
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Some  of  the  leucocytes  in  milk  seem  to  possess  the  power  of  phago- 
rytosis,  judged  by  microscopic  preparations.  Phagocytosis,  however. 
I'lays  no  essential  jjart  in  the  "germicidal"  action  of  milk,  for  the 
ii'crease  in  numbers  is  quite  as  marked  in  the  cell-free  milk  as  in  the 
sediment  rich  in  leucocytes. 

The  germicidal  action  of  milk  is  specific.  For  instance,  one  sani- 
lilc  restrained  typhoid  and  Stu phylococcuti  pijoycnes  aureus,  but  not 
paratyphoid  A  or  B. 

Dilution  experiments  demonstrate  the  enfeeblement  of  agglutinins 
latlier  than  the  presence  of  a  germicidal  substance  in  solution. 

The  germicidal  actions  of  blood  and  milk  resemble  each  other  in 
-Mine  {particulars.  Blood  serum  acts  more  quickly  and  much  more 
[Miwerfully  than  milk. 

Freezing  milk  for  ten  minutes  and  then  thawing  it  does  not  affect 
I  lie  phenomenon  in  question.  In  one  experiment  freezing  for  forty- 
'iglit  hours  did  not  influence  its  restraining  action  upon  typhoid,  but 
(iistroyed  it  for  B.  lactis  wrogenes. 

l>oiling  milk  or  heating  it  above  80°  C.  destroys  its  "  germicidal " 
jjroperties.  The  effect  of  lesser  degrees  of  heat  varies  with  the  micro- 
organism. Thus,  the  restraining  action  for  B.  lactw  wrogenes  is 
weakened  by  first  heating  the  milk  at  55°  C.  and  almost  destroyed  at 
60°  C. ;  for  typhoid  it  is  not  aft'ected  by  heating  the  milk  at  G0°  C. 
for  twenty  minutes,  but  is  materially  influenced  at  70°  C.  for  thirty 
minutes. 

The  "  germicidal  "  action  of  milk  varies  in  different  animals  and  in 
the  milk  from  the  same  animal  at  different  times.  At  most,  the  action 
is  variable  and  feeble.  It  can  not  take  the  place  of  cleanliness  and 
ice,  but  may  be  taken  advantage  of  in  good  dairy  methods. 
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THE  SIGNIFICANCE  OF  LEUCOCYTES  AND  STREPTOCOCCI 
IN  MILK. 


By  William  Whitfield  Miller," 
Assistant  Surgeon,  Public  Health  and  Marine-Hospital  Service. 


Ill  the  search  for  better  and  simpler  methods  for  detecting  milk 
li '  nil  diseased  cows,  especially  when  mixed  with  the  milk  from  healthy 
i"\\-,  as  may  be  the  case  in  market  milk,  particular  attention  has 
\>rr]\  paid  to  the  presence  of  leucocytes  and  streptococci.  In  America, 
a  Mm  to  some  extent  abroad,  much  work  has  been  done  by  State  and 
I  ii  \'  health  authorities  in  the  exammation  of  dairy  milk,  with  a  view 
|m  determining  the  significance  of  these  elements,  and  fixing  standards 
I  i !  1 1  i  t  ing  their  number  in  acceptable  dairy  milk.  It  was  early  observed 
I  li  1 1  in  the  milk  of  cows  with  udder  disease  of  an  inflammatory  nature, 
iHi^  cells  and  streptococci  were  almost  invariably  present  in  large 
iiHiiil)ers.  Following  this  observation,  examinations  were  made  to 
I.  ii-rmine  how  often  leucocytes  and  streptococci  were  present  in 
111  I  licet  milk.  The  result  showed  that  they  were  present  in  the 
iii.ijurity  of  milks  to  a  greater  or  less  extent.  They  were  not  so 
iiiiiiierous,  however,  as  in  the  milk  of  diseased  animals.  The  interp re- 
la  imn  placed  upon  these  findings— viz,  that  one  or  more  of  the  cows 
111  I  lie  dairy  herd  from  which  the  milk  was  derived  was  affected  with 
■_fai','ct  (an  inflammation  of  the  udder) — is  no  longer  regarded  as 
strictly  correct,  since  it  Is  now  well  proven  that  the  normal  milk  of 
healthy  cows  always  contains  leucocytes  and  usually  streptococci. 
In  the  last  two  or  three  years  work  has  been  done  that  throws  a  new 
ligiit  on  the  subject  and  explains  some  of  the  discordant  results  pre- 
viously obtained. 

Whether  the  polymorpho-nuclear  cells  found  in  all  milk  shall  be 
regarded  as  leucocytes  or  pus  cells  has  been  a  subject  of  much  dispute. 
As  they  were  first  looked  upon  as  pus  cells,  it  is  reatlily  understood 
why  repugnance  was  felt  at  the  idea  of  taking  them  in  food,  even  if 
they  were  harmless.  The  earlier  oljservers  detected  the.se  cells  in  a 
large  number  of  specimens  of  milk,  but  not  in  all,  and  concluded  that 
they  indicated  some  degree  of  inflammation  of  the  udder.  They 
iixed  an  arbitrary  number  (to  a  certain  quantity  of  milk)  as  a  limit, 

"  This  arti(l«  i.s  rcprinlt-d  without  revision,  owing  to  Doctor  Miller's  death,  Novem- 
l)cr  24,  1!K)K. 
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beyond  which  the  milk  was  regarded  as  unfit  for  use.  In  otlii 
words,  it  was  only  a  question  to  what  extent  the  evil  was  to  1^ 
endured.  The  present  views  concerning  cellular  elements  in  cow- 
milk  are  somewhat  different. 

Histologists  long  ago  pointed  out  that  leucocytes  occur  in  milk, 
when  the  gland  structure  showed  no  evidence  of  inflammation.  Co- 
lostrum corpuscles  are  regarded  as  leucocytes  loaded  with  debris  of 
gland  cells  removed  to  clear  up  the  channels  for  milk  flow.  It  seems 
but  natural  that  such  a  remarkable  and  rapid  metabolic  process  as 
milk  formation  should  be  accompanied  by  a  large  number  of  leuco- 
cytes. In  fact,  in  sections  of  normal  functionatmg  mammary  glands 
they  are  foimd  to  be  numerous  in  the  capfllaries  and  in  the  connective 
tissue  spaces  between  the  alveoli,  from  which  they  make  their  way 
between  the  gland  cells  and  appear  in  the  milk. 

As  regards  leucocytes  and  pus  cells  there  is  no  mtrinsic  difference. 
A  leucocyte  in  fluids  other  than  blood  plasma — as  milk,  for  example — 
soon  undergoes  changes  which  render  it  indistinguishable  from  a  pus  ■. 
cell.  That  pus  does  occur  in  milk  from  inflameil  mammary  glands 
need  scarcely  be  mentioned.  Before  considering  further  the  signifi- 
cance of  leucocytes,  it  will  be  of  interest  to  note  the  various  methods 
used  for  countuig  them.  Stokes  and  Wegefarth"  were  the  first  to 
attempt  an  emuneration.  Briefly,  their  method  consisted  in  cen- 
trifuging  a  definite  quantity  of  milk,  spreading  the  entire  sediment 
on  a  slide  over  a  definite  area,  staining  and  cxaminmg  with  a  ^  j-inch 
lens ;  the  number  of  leucocytes  m  ten  or  more  fields  of  the  microscope 
was  noted,  and  an  average  struck.  From  this  data  an  estimate  was 
made  of  the  number  per  cubic  centimeter. 

Stewart ''  and  Slack'-  used  a  refinement  of  the  same  method. 
Doane-Biickley  ■'  mochfietl  the  procedure  in  common  use  for  counting 
blootl  colls,  employing  the  Thoma-Zeiss  instrument,  with  quite  accu- 
rate results. 

Savage*^  used  a  very  similar  method.  Still  another  way  of  estimat- 
ing the  leucocytes  is  based  on  a  procedure  applied  to  blood — the  use  of 
a  modified  hematocrit,  in  which  the  milk  is  centrifuged  and  the  leuco- 
cytes read  on  a  scale,  as  sediment  in  v^olume  per  cent.  Trommsdortt', ' 
in  Gennany,  has  perfected  this  method.  As  might  be  expected  differ- 
ent methods  give  widely  (hfferent  results.  Bergej^''  in  a  recent  paper 
records  a  number  of   comparative  counts  by  the  Stokes,  Stewart, 


«  Medical  News,  1897,  No.  91,  p.  45. 

l>  American  Medicine,  1905,  No.  9,  p.  486. 

c  Journ.  of  InfeOt.   Diseases,  1906,  Sup.  No.  2. 

d  Maryland  Agric.  Exper.  Station,  1905,  Bull.  102. 

«Hrit.  Med.  Jour.,  1905,  No.  1,  p.  11G5. 

/Munrli.  Med.  VVoch.,  1900,  No.  5.'^.  S.  .5-11. 

ffUniv.  of  Pii.  Med.  Hull.,  1907,  vol.  20,  Sept. 
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)uaiie-Biickley,  and  Trommsdorf  methods,  wliicli  show  great  dis- 
iipancies.  WTien  making  a  number  of  counts  from  the  same  speci- 
[irn  of  milk  the  Doane-Buckley  technique  gave  the  least  variation 
iii'l  as  compared  wdth  the  others  the  highest  counts.  Russell  and 
1  li  ilfmann"  in  a  similar  comparison  found  the  average  variation  6  per 
■tilt  using  the  volumetric,  and  112  per  cent  using  the  smeared  sedi- 
iicnt  technique.  Most  recent  writers  agree  that  the  latter  method 
-liduld  be  abandoned  as  too  inacctirate  to  be  of  serxace. 

('(incerning  the  number  of  leucocytes  which  have  ])een  found  in  the 
iiiilk  of  healthy  cows  kept  under  the  best  conditions  and  coimted  by 
till'  most  accurate  methods,  a  great  variation  has  ])een  noted.  SaA'- 
■A'j^f  found  numbers  ranging  from  35,000  to  4, .500, 000  per  cubic  centi- 
meter, and  more  than  three-fourths  of  the  cows  gave  milk  that  aver- 
aged more  than  100,000  per  cubic  centimeter.  About  the  same  fig- 
iiiv^  were  found  for  mixed  milk  from  entire  herds;  more  than  four- 
li'ihs  of  the  herds  gave  averages  above  100,000  per  cubic  centimeter. 
1  )i)ane  found  the  number  of  leucocytes  in  the  milk  of  a  large  number 
<  'f  iDws  to  average  more  than  200,000  per  cubic  centimeter. 

liussell  and  Hoffmann  made  a  large  number  of  coimts  from  the  milk 
III'  rows  in  which  there  was  not  the  slightest  clinical  evidence  of  udder 
<liscase,  nor  had  there  been  any  liistorj'  of  such,  and  obtained  results 
;i~^  liigh  as  1,800,000,  while  3.3.  per  cent  gave  counts  higher  than 
"i' 1(1,000  per  cubic  centimeter;  83  per  cent  of  tho.se  with  slight  udder 
ili-'ase  or  a  history  of  garget  gave  counts  of  500,000  per  cubic  centi- 
meter or  over. 

Tests  of  milk  from  the  same  cow,  taken  from  day  to  day,  show 
•J  I  -lit  variations,  although  in  general  it  may  be  said  that  a  milk  show- 
in.:  a  high  count  one  day  ■will  show  a  high  coimt  the  next  da}',  but  not 
necessarily  the  next  week  or  month;  this,  of  course,  when  the  health 
of  the  animal  continues  tmchanged.  The  period  of  lactation  seems  to 
have  no  constant  influence,  except  that  the  colostrum  corpuscles  are 
greatly  increased  after  parturition.  Bergey  has  shown  that  A\idel_\ 
different  counts  are  often  found  in  the  milk  from  different  quadrants 
of  the  udder.  Buchholtz,''  Czerney,"  and  Michaclis''  have  pointed 
out  certain  facts  relating  to  the  secretion  of  milk  that  explain  some  of 
these  discrepancies.  They  found  that  ret(!ntion  of  nnlk  in  the  gland 
ducts  and  alveoli  for  an  unusual  ])eriod  causes  a  large  increase  in  the 
number  of  leucocytes  in  the  milk.  When  the  milk  is  allowed  to  accu- 
mulate in  the  udder  instead  of  being  removed  at  regular  and  i)roper 

"Journal  of  Infortious  Diseases,  1007,  Svippleinent  No.  :i.  ]>.  (>3. 

''Inauij.  Di.-w.,  Gottingen,  1877. 
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intervals,  favorable  conditions  for  the  migration  of  leucocytes  are 
found. 

It  was  deemed  advisable  by  the  early  students  of  the  subject,  who  con- 
sidered all  leucocytes  in  milk  as"pus  cells"  and  evidenceof  inflamma- 
tion of  the  udder,  to  fix  a  limit  to  the  number  which  might  be  allowed 
in  a  market  milk.  Stokes  (loc.  cit.)  regarded  an  average  of  5  cells  to 
the  field  of  the  microscope,  tising  his  counting  method,  as  indicative  of 
pus.  Bergey"  adopted  10  cells  per  field  as  a  standard.  Stewart 
(loc.  cit.)  regarded  23  cells  per  field  and  Slack  (loc.  cit.)  50  cells  as  a 
proper  standard,  all  tising  a  modification  of  Stewart's  techniqtu  . 
Doane  advocates  500,000  leucocytes  per  cubic  centimeter,  Tronmi- 
dorfl"  10  vohimes  of  sediment  to  10,000  voltimes  of  milk  as  a  saiV 
limit.  Stewart's  is  the  standard  commonly  employed  in  municipai 
health  laboratories  and  corresponds  rotighly  to  100,000  leucocytes  pci 
cubic  centimeter.  All  of  the  above  standards  are  arbitrary'  and  arc 
fotmded  solelyupon  individual  experience.  The  standard  stiggested  b}' 
Trommsdorfi"  limiting  the  amotmt  of  sediment  in  a  centriftiged  samjilr 
of  inilk  seems  A'aluable,  not  so  much  as  an  enumeration  of  the  leucd- 
cytes  as  an  indication  of  objectionable  solid  matter  in  suspension.  It 
is  of  interest  to  note  that  although  the  number  of  leucocytes  in  milk 
from  cows  ■with  diseased  tidders  is  tisually  mtich  increased,  Russell 
and  Hoffmann  have  shown  that  tliis  is  not  necessarily  titie,  in  sonn' 
instances  the  count  rtmning  below  the  average  for  normal  milk.  Tin- 
daily  variation  in  stich  cases  often  brings  the  cotmt  well  within  tlii> 
ustial  normal  limits.  It  seems  likely  that  a  numerical  standard  fur 
leucocytes  stifficienth"  high  to  include  the  milk  of  the  greater  majority 
of  healthly  cows  would  not  be  low  enotigh  to  exclude  in  some  cases  tin- 
milk  of  cows  with  disease  of  the  tidder.  Other  and  more  definite  sigiw 
of  inflammation  than  tViat  furnished  by  the  leticocyte  cotint  alone 
must  be  sought. 

Doane  (loc.  cit.)  states  that  the  occurrence  of  fibrin  is  positive  pro<if 
of  the  existence  of  inflammation  and  has  devised  ways  of  demon- 
strating its  presence  in  milk.  The  matter  requires  further  stud> . 
The  leucocytes  per  se  can  not  be  regarded  as  deleterious  or  foreiuii 
ingredients  of  milk;  it  is  scarcely  reasonable  to  expect  that  a 
food  so  distinctly  animal  in  its  origin  should  contain  no  organiz(Ml 
elements. 

The  significance  of  pus  in  milk  has  been  studied  principalh'  in 
coimecticm  with  micro-organisms,  looked  upon  as  the  exciting  canse 
of  the  Juastitis,  with  which  the  pus  is  associated.  In  the  stained 
smears  of  milk  sediment  examined  by  the  earlier  investigators  ol 
leucocytes  in  cow's  milk,  attention  was  drawn  to  the  large  nundxr 
of  chain-forming  micro-organisms  (streptococci)  present.     They  wci  i 
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'sjitH-ially  numerous  in  milk  that  clearly  contained  pus  or  was  known. 

0  lio  derived  from  cows  with  mastitis.  At  that  time  all  streptococci 
> '  I'c  believed  to  be  pathogenic,  and  it  was  assumed  that  when  such 

1  nanisms  were  found  in  milk  they  pointed  to  disease  of  the  udder 
1 1 11 1  were  capable  of  propagating  disease  when  ingested  with  the  milk, 
((('cent  investigators  have  so  clearly  demonstrated  the  close  relation- 
ship existing  between  the  micro-organisms,  which  cause  spontaneous 
-oiiring  of  milk,  and  the  streptococci  that  it  will  be  of  interest  to 
■'insider  the  former  at  some  length. 

Pasteur,  « Lister,  ''Hueppe,  '^and  many  others  studied  the  souring 
oi  milk.  Pasteur  proved  that  micro-organisms  were  the  cause,  and 
Lister,  twenty  years  later,  isolated  in  pure  culture  a  bacterium  which 
lie  deemed  the  common  agent.  Subsequent  bacteriologists  have 
studied  and  described  at  length  a  great  variety  of  bacteria  found  in 
oiiliuary  dairy  milk,  capable  of  causing  fermentation,  with  lactic  acid 
r  Filiation.  Many  of  these  micro-organisms  were  later  shown  to 
have  been  introduced  bj'  unclean  containing  vessels  and  careless 
liaiidling  of  the  milk,  and  wliile  capable  of  causing  souring  must  be 
Kuarded  as  accidental  and  inconstant  in  occurrence.  When  drawn 
ilircctly  in  sterile  vessels  with  ordinary  caution  as  regards  cleanli- 
III  -s  the  variety  of  organisms  is  reduced  to  three  or  four.  The 
III  Imicpie  of  the  early  bacteriologist  was  somewhat  imperfect,  and 
I  uhural  methods  less  exact  than  now.  It  is  not  surprising  that 
iili'iitical  bacteria  were  described  by  different  observers  as  showing 
slight  variations. 

A  review  of  the  work  done  since  Hueppe**  in  1884  (who  was  the 
first  to  apply  modern  methods  to  the  study  of  milk  bacteria)  shows 
that  the  common  lactic  bacteria  may  be  classified  in  three  groups. 
The  first  includes  the  bacilli  of  the  type  first  described  by  Esche- 
rich,'  the  Bacterium  xrogenen  group.  These  organisms  are  classified 
with  the  colon  group  and  owe  their  presence  in  milk  to  contamina- 
tion with  the  feces  of  the  cow. 

Marpmann,^  Grotenfeld,''  Loffler,''  Weigemami,' Kayser,-*  Clauss* 
and  others  have  describeil  organisms  of  this  type.  They  grow  read- 
ily on  ordinary  media  with  all  the  characteristics  of  the  colon  group, 
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but  do  not  as  a  rule  produce  indol.  Although  known  since  Hueppe's 
description  as  the  Bacterium  acidi  lactici  this  organism  is  more  com- 
monly called  Bacterium  serogenes. 

The  second  group  includes  bacteria  described  by  Clauss  floe,  cit.), 
Giinther  and  Tliierfelder,"  Esten,''  Leichmann,'^  Kozai/  Scliier- 
beck/  Haschmioto/  Harrison  and  Gumming, »  Conn  and  Esten/' 
Holling,'  and  Utz.^  The  characteristic  organism  is  defined  as  oval 
or  lance  shape,  occurring  in  pairs  or  short  chains,  colored  by  Gram, 
growing  slowly  on  ordinarj'  media,  and  producing  no  gas  in  presence 
of  sugars.  The  growth  on  solid  media  is  delicate  and  translucent.  It 
causes  rapid  acid  fermentation  of  milk,  with  coagulation.  Bac- 
terium lactis  acidi,  Bacterium  acidi  lactid,  and  Bacterium  Ountheri 
are  some  of  the  terms  used  to  designate  this  organism. 

The  third  group  includes  micrococci  describetl  by  Grotenfeld  (loc. 
cit.)  and  Weigemann  (loc.  cit.)  as  streptococci.  The  cultural  char- 
acters of  this  group  are  exactly  similar  to  those  of  the  second,  the 
sole  difference  in  the  descriptions  being  in  the  morphology,  in  one 
case  an  oval  or  lance-shaped  bacillus,  in  the  other  a  streptococcus. 
Kruse*  in  1903  pointed  out  the  close  similarity  of  organisms  classed 
in  the  second  and  third  groups  and  suggested  that  the  difference  of 
morphology  was  merely  one  of  interpretation,  namely,  that  the  oval 
bacillus  was  a  phase  in  the  rapid  growth  by  division  of  the  strep- 
tococcus. Two  years  later,  Heinemann,'  after  a  careful  comparison  of 
strains  of  Bacillus  acidi  lactici  from  various  sources  with  streptococci 
(sewage,  pathogenic,  water),  concludef  that  they  show  no  constant 
differences  in  growth,  action  on  milk,  or  pathogenicity.  Heinemann's 
work  has  done  much  to  change  existing  ideas  as  to  the  significance  of 
streptococci  in  milk,  for  he  has  shown  that  the  most  common  organ- 
ism of  lactic  acid  fermentation,  existing  in  practically  all  milk  from 
healthy  cows,  is  a  streptococcus  {S.  lacticus,  Knise).  Here  again, 
as  in  the  case  of  leucocytes  in  milk,  it  does  not  necessarily  follow 
that  streptococci  when  present  are  associated  with  disease.  It  does 
not  seem  strange  that  an  organism  so  widely  distributed  in  nature, 
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0  common  on  the  skin  and  mucous  men^branes,  and  in  the  feces  of 
nimals  should  be  so  often  found  in  cows'  milk. 

In  their  studies  of  leucocytes  in  smears  made  from  milk,  Conn  and 
Ssten  (loc.  cit.),  Bergey  (loc.  cit.),  Reed  and  Ward,"  and  others 
loted  the  number  and  frequency  of  occurrence  of  streptococci.  As 
hej'  regarded  the  leucocytes  as  e\'idence  of  inflammation,  they 
)laced  a  similar  construction  upon  the  presence  of  these  micro-organ- 
sms;  since  streptococci  are  well  known  to  be  a  common  cause  of 
septic  infection  and  pus  formation.  The  recent  investigations  con- 
'.erning  the  nature  of  the  Streptococcus  lacticus,  a  nonpathogenic 
organism,  proving  it  to  be  indistinguishable,  moq^hologically,  from 
the  pathogenic  streptococci,  show  that  such  a  conclusion  is  often  in- 
jorrect.  It  is  easily  conceivable  that  in  cases  of  garget  and  in  septic 
sonditions  the  streptococci  associated  with  pus  in  the  milk  may  be 
truly  pathogenic.  In  fact,  a  number  of  writers  in  this  country  and 
abroad  have  described  "outbreaks"  following  the  use  of  milk  con- 
taining streptococci  fi"om  diseased  cows. 

Hoist,*  Stokes  and  Wegefarth,''  Beck,"^  Lameris  and  Von  Ilarre- 
velt,«  Kenwood,^  Savage,^  and  many  others  saw  epidemics  of  sore 
throat  with  swelling  of  the  cervical  glands,  colic,  diarrhea,  and  fever 
lasting  several  days,  which  were  ascribed  to  the  use  of  milk  from 
cows  with  garget.  Such  milk  when  examined  was  found  to  contain 
pus  and  streptococci  in  great  abundance.  Hoist  in  an  experiment 
upon  himself  drank  200  cubic  centimeters  of  a  cidture  of  a  strei)to- 
coccus  isolated  from  such  a  nulk  during  an  outl)reak,  and  became  ill 
with  colic  and  diarrhea. 

Petnischky  and  Kriebel''  and  Hoi  ling'  see  in  the  streptococci 
found  in  milk  a  cause  of  siunmer  diarrhea  in  children. 

As  regards  the  relationsliip  between  the  numbers  of  leucocytes  and 
streptococci,  most  writers  agree  that  in  mastitis  the  milk  usually 
contains  both  in  abimdance.  There  is  a  difference  of  opinion  concern- 
ing their  relationship  in  milk  from  healthy  cattle;  Bergey  and 
Trommsdorff  finding  a  simultaneous  increase  or  diminution,  whereas 
Savage  and  others  do  not. 

The  manifest  advantages  to  be  gained  from  a  knowledge  of  the 
pathogenic  or  nonpathogenic  properties  of  the  streptococci  in  milk 
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has  led  to  a  number  of  investigations.  Injections  of  inilk  or  cultures 
isolated  from  milk  into  the  tissues  and  peritoneal  cavities  of  animals 
gave  varj-ing  results.  In  some  cases  death  of  the  animal  ensued.  It 
was  found  that  as  a  rule  when  the  organisms  were  pathogenic  this 
property  was  gradually  lost  by  cultivation  on  artificial  media,  and 
could  1)0  increased  by  carrying  through  a  series  of  animals.  Heine- 
mann"  in  a  recent  studj'  succeeded  in  raising  the  virulence  of  a  number 
of  strains  of  Streptococcus  Incticiis,  by  passage  through  successive  ral 
bits,  from  almost  nil  to  an  eqiuility  with  that  of  the  Streptococcus 
pyogenes.  Unfortunately  the  ^^^ulence  for  animals  is  not  a  certain 
index  of  the  A-indence  for  man. 

Attempts  to  distinguish  S.  lacticus  and  S.  pi/of/enes  by  hemolytic 
and  agglutinative  tests  have  been  made  by  Schottmiiller,''  Lubenon, 
Schlesinger,''  and  Miiller'^  and  Bergey  (loc.  cit.).  No  constant 
results  have  been  obtained.  Miiller  found  that  milk  streptococci 
were  almost  as  often  hemolytic  as  the  S.  pyogenes,  and  heterologous 
strains  were  more  strongly  agglutinative  than  homologous.  As  has 
been  pointed  out,  no  specific  characters  have  been  revealed  by  cul- 
tivation on  various  media. 

In  view  of  the  facts  presented  the  assumption  seems  justified 
that  the  Streptococcus  pyogenes  and  the  Streptococcus  lacticus,  the 
common  organism  of  lactic-acitl  fermentation,  are  indistinguishable 
by  our  present  methods. 

Briefly,  the  conclusions  which  present  themselves  are  as  follow^ 

(1)  Many  leucocytes  and  streptococci  are  present  in  tlie  normal 
milk  of  a  healthy  cow. 

(2)  Leucocytes  and  streptococci  are  as  a  rule  more  numerous  in 
the  milk  of  diseased  than  in  that  of  healthy  cows. 

(3)  As  an  aid  to  veterinary  inspection  the  number  of  leucoc_ytes 
may  furnish  some  information  of  value.  If  a  dairy  milk  shows  an 
unusually  high  leucocyte  count,  a  special  examination  of  the  herd 
for  garget,  etc.,  should  be  made. 

(4)  No  satisfactory  method  has  been  devised  for  distinguishing 
the  pathogenic  from  the  nonpathogenic  streptococci  in  milk.  Their 
significance  is  therefore  a  matter  for  further  study. 

(5)  In  view  of  the  recent  researches  upon  Streptococcus  lacticus  no 
constant  relationship  may  be  expected  between  tiic  luimbcr  of  strep- 
tococci and  the  number  of  leucocytes  in  milk. 
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IMPOBTANCE   OF   A  WHOLESOME  MILK  SUPPLY. 

The  reasons  for  securing  a  supply  of  pure  and  wholesome  milk  are 
so  numerous  and  so  important  that  the  public  should  become  ac- 
quainted with  some  of  the  more  essential  of  them  in  order  that  assist- 
ance may  be  rendered  in  bringing  about  a  satisfactory  improvement. 
Public  health  demands  the  purity  of  all  milk  and  milk  products. 
Next  to  bread,  milk  is  more  extensively  used  as  an  article  of  diet  than 
any  other  foodstuif.  It  forms  a  portion  of  the  food  of  almost  every 
person  on  practically  every  day  of  the  year.  Furthermore,  ludikc 
many  other  articles  of  diet,  milk  is  consumed  in  most  cases  in  an 
uncooked  state,  making  it  a  very  dangerous  food  should  it  perchance 
contain  any  deleterious  organisms.  Not  only  is  milk  a  veiy  suitable 
medium  for  almost  every  description  of  germ  life  which  may  gain 
access  to  it  in  its  journey  from  the  cow  to  the  consumer,  but  it  may 
also  become  contaminated  while  still  in  the  udder  through  infectious 
or  poisonous  material  present  in  the  cow  herself.  In  this  paper, 
however,  consideration  will  Ije  given  only  to  the  latter  aspect  of  the 
subject. 

In  this  connection  it  will  be  necessary  to  keep  in  mind  the  require- 
ments of  an  awakened  public  for  a  clean  and  wholesome  milk,  as  well 
as  the  efl'ect  of  any  unreasonable  or  irrational  demand  upon  the 
producer,  which  may  cause  him  heavy  losses  or  even  to  discontinue 
liis  busines.s.  It  will  also  be  apparent  that  in  order  to  produce  milk 
in  comi)liance  with  tiie  requirements  hereafter  described  certain  pre- 
cautions nuist  l)e  taken,  which  will  necessiirily  entail  additional  ex- 
|iense  upon  tiie  producer  of  this  higher  grade  of  milk.  The  customer 
must  therefore  expect  to  pay  iiis  jjortion  of  any  legitimate  advance 
in  the  cost  of  i)rodnction,  and  such  increase  in  tlie  price  of  milk  (hie 
to  its  improved  quality  should  be  considered  as  money  well  expended. 
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Moreover,  good  milk  of  safe  (luality  can  not  be  had  without  a  real- 
ization on  the  part  of  the  farmer,  the  transportation  agent,  the  dairy- 
man, and  the  housewife  of  the  danger  in  utilizing  old,  warm,  or  dirty 
milk.  Education  is  therefore  an  important  factor  in  the  improve- 
ment of  the  milk  supply,  which  can  not  be  accomplished  through  laws 
and  regulations  alone.  In  view  of  these  facts,  it  is  recommended  that 
the  subject  be  taught  in  the  schools,  that  popular  articles  be  fre- 
quently prepared  for  the  press,  that  lectures  and  demonstrations  be 
given  in  towns  and  townships,  that  pamphlets  in  plain  language  be 
prepared  by  the  health  officer  for  general  distribution,  and  especially 
that  rules  and  suggestions,  with  reasons  therefor,  be  placed  in  the 
homes  of  dairymen  and  dairy  attendants. 

DISEASES  WHICH  MAY  RENDER  MILK  DANGEROUS. 

■I'T^BKKCl'LOSIS. 

This  is  probably  the  most  important  disease  of  cows  from  the  stand- 
point of  public  health,  and  it  is  also  the  most  prevalent.  Wien  Koch 
first  discovered  the  cause  of  tubei'culosis  and  combined  the  announce- 
ment of  his  discovei'v  with  the  statement  that  he  considered  the 
affection  identical  in  both  man  and  cattle,  this  view  was  accepted  by 
scientists  as  well  as  by  the  general  public.  His  subsequent  announce- 
ment in  1901,  to  the  effect  that  this  disease  was  different  in  man  and 
in  cattle,  and  that  there  was  no  practical  need  for  preventing  the  use 
of  the  products  of  tuberculous  animals  for  Iiuman  food,  was  the  cause 
of  much  rejoicing  among  those  who  were  only  too  glad  to  grasp  at  any 
idea  which  would  tend  to  separate  the  disease  in  man  and  in  cattle, 
forgetting  that  bovine  tuberculosis  is  also  a  dangerous  disease  to  other 
cattle  in  the  herd  and  should  be  stamped  out  for  this  reason  aside 
from  any  danger  to  man. 

.Vs  a  result  of  this  radical  statement  of  Koch's,  which  was  based 
upon  incomplete  and  unsatisfactory  evidence,  several  government 
coiiunissions  were  appointed  in  different  countries,  and  many  private 
and  public  scientists  innnediately  took  it  upon  themselves  to  solve  the 
question  raised  by  that  investigator.  The  residts  of  these  experiments 
were  so  strikingly  similar  that  it  is  now  the  generally  accepted  opinion 
among  scientists  that  ])eople,  especially  children,  may  become  infected 
with  tuberculosis  from  cattle.  It  is  not  known  to  what  extent  such 
infe(;tion  occurs,  noi-  is  it  possil)le  to  obtain  any  definite  percentage 
l)y  the  method  formerly  ado])ted  of  looking  for  the  primary  lesions  in 
(he  intestinal  canal,  although  nuich  statistical  evidence  is  recorded, 
showing  that  even  by  these  figures  primary  intestinal  tuberculosis  of 
children  has  Ix^en  obsei'ved  in  as  high  as  45.5  per  cent  of  the  tubercu- 
lous cases  examined  (Ileller).  Evidence  which  must  be  considered 
conclusive  has  been  obtained  by  the  Bureau  of  Animal   Industry,  as 
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well  as  by  Kavenel  and  a  number  of  French  investigators,  showing 
that  tuberculous  infection  may  take  place  through  the  intestinal  tract 
without  leaving  any  lesion  in  the  abdominal  cavity,  the  tirst  alteration 
being  found  in  the  limgs  or  the  thoracic  glands.  Therefore  the  pres- 
ence of  pulmonary  tuberculosis  in  infants  without  intestinal  lesions  is 
no  indication  that  the  disease  was  not  transmitted  by  the  food,  and  the 
statistics  above  referred  to  are  thus  shown  to  be  below  the  true  per- 
centage of  cases  of  tuberculosis  of  intestinal  origin. 

EVIDENCE  OF  TKANSMISSION   KKOM    CATTLE  TO  PEOPLE. 

These  figures,  however,  do  not  give  any  satisfactory  idea  as  to 
whether  the  bacilli  entering  the  intestines  originated  from  human  or 
bovine  sources.  Owing  to  this  fact  it  follows  that  the  only  way  of 
determining  the  infection  of  people  by  bacilli  of  the  bovine  type  is  to 
study  the  lesions  in  the  body  of  as  many  cases  of  human  tuberculosis 
as  possible.  Already  we  have  sufficient  data  to  giv-e  us  some  idea  of 
the  extent  of  tuberculosis  of  the  bovine  type  in  children  without  con- 
sidering the  numerous  cases  of  direct  transmission  recorded  by  many 
physicians,  especially  of  instances  of  butchers  and  others  receiving 
accidental  infections  of  the  skin  with  the  bovine  organism.  More- 
over, according  to  Von  Behring,  the  question  of  infection  in  man 
usually  goes  back  to  childhood,  as  he  believes  that  many  of  the  cases 
of  pulmonary  tuberculosis  in  adults  are  of  intestinal  origin,  infection 
having  occurred  primarily  through  the  intestinal  tract  by  drinking 
tuberculous  milk  during  infancy  and  having  remained  latent  until 
adult  life.  As  vital  statistics  show  that  14  out  of  every  100  people 
that  die  succumb  to  tuberculosis,  while  of  the  remaining  80  more  than 
one-half  show  lesions  of  tuberculosis  on  post-mortem,  although  dying 
fiom  some  other  cause,  the  foregoing  .statement  of  Von  Behring  is 
also  practically  pertinent  in  regard  to  the  relation  of  human  tubercu- 
losis to  the  milk  supply,  especially  in  connection  with  the  results  of 
(hose  investigators  who  have  studied  market  milk  and  found  from  2.7 
111  ^>^>  \wr  cent  of  the  samples  examined  to  contain  tubercle  bacilli. 

Since  direct  exi)eriments  u])on  human  l)eings  are  out  of  (he  ques- 
(ion,  the  finding  of  the  bovine  type  of  tubercle  bacillus  in  human 
lesions  is  the  most  direct  and  positive  proof  that  tuberculosis  of  catile 
is  responsible  for  a  certain  amount  of  tuberculosis  in  the  human 
family.  Numerous  exi)eriments  with  this  object  in  view  have  already 
proven  this  fact.  Thus  the  German  Conunission  on  Tuberculosis 
examined  .')(;  different  cultures  of  (ubercle  bacilli  of  human  origin  and 
found  (i  wiijch  were  more  virulent  (han  is  usual  for  Innnan  tubercle 
l)a(illi,  causing  marked  lesions  of  (ubcrc(dosis  in  the  cattle  inoculated 
with  them,  and  making  over  10  i;er  cent  of  the  cases  tested  (liat  wore 
affected  with  a  form  of  tuberculosis  whicli,  by  Koch's  own  melhod. 
must  be  classified  as  of  bovini'  origin.     'I'lie  i)ariHi.  with  the  exce|)tion 
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of  a  single  group,  were  all  derived  from  the  bodies  of  ciiildren  under 
7  years  of  age,  being  taken  from  tubereular  nleers  in  the  intestines, 
the  mesenteric  glands,  or  from  the  lungs. 

In  a  similar  series  of  tests  conducted  by  the  British  Royal  Com- 
mission on  Tuberculosis,  60  cases  of  the  disease  in  the  human  were 
tested,  wnth  the  result  that  14  cases  were  claimed  by  this  commission 
to  have  been  infected  from  bovine  sources.  Ravenel  reports  that  of 
5  cases  of  tuberculosis  in  children  2  received  their  infection  from 
cattle.  Theobald  Smith  has  estimated  that  from  25  to  50  per  cent  of 
the  cases  of  human  tuberculosis  starting  in  the  cervical  and  mesenteric 
lymph  glands  are  bovine  in  origin,  while  Park  has  recently  found  4 
cases  of  bovine  infection  out  of  11  cases  of  generalized  tuberculosis  of 
infants,  and  3  cases  due  to  the  bovine  type  of  bacillus  out  of  16  cases 
of  tubercular  adenitis.  Of  4  cases  of  generalized  tuberculosis  in  chil- 
dren examined  in  the  Biochemic  Division  of  the  Bureau  of  Animal 
Industry  2  were  found  to  be  affected  with  very  virulent  organisms, 
which  warranted  the  conclusion  that  such  children  had  been  infected 
from  a  bovine  source.  The  Pathological  Division  of  the  same  Bureau 
has  likewise,  out  of  the  9  cases  of  infantile  tuberculosis  examined, 
obtained  two  cultui'es  of  tubercle  bacilli  that  could  not  be  differen- 
tiated fi-om  bovine  cultures.  In  Europe  so  many  similar  instances  of 
bovine  tubercle  bacilli  having  been  recovered  from  human  tissues  are 
on  record  that  it  appears  entirely  proven  that  man  is  susceptible  to 
tuberculosis  caused  by  animal  infections,  and  while  the  proportion  of 
such  cases  can  not  be  decided  with  even  approximate  accuracy,  it  is 
nevertheless  incumbent  upon  us  to  reconnnend  such  measures  as  will 
guai'd  against  these  sources  of  danger." 

Nill.K     AS     A     CAItlUKIt    OF     I  rHEKlUI,AK     INFECTION. 

The  two  principal  sources  of  in  lection  from  cattle,  and  the  only 
ones  necessary  to  be  considered,  are  tlie  meat  and  milk  of  tuberculous 
animals.  The  fact  that  most  of  llie  cases  of  bovine  tubercidosis 
above  enumerated  which  occurred  in  the  human  occurred  in  infants 
points  with  grave  suspicion  to  the  milk  rather  than  the  meat  supi)ly. 
This  naturally  leads  to  the  question  of  how  and  under  what  condi- 
tion does  the  milk  become  dangerous,  since  Bang,  Kabinowitsch  and 
Kempner,  Eru'^l,  Ravenel,  Smith,  MacWeeney,  Moussu,  (lehrmann 
aiul  Evans,  Mohler.  iind  many  others  have  definitely  determined  the 
infect iveness  of  milk  from  tuberculous  cows. 

Tliat  milk  coming  from  a  tuberculous  udder  is  capable  of  trans- 
mitting the  infectious  principle  is  conceded  by  all  who  have  given 

"  Kavciu'I  luis  eollectr;!  Ilio  nnnilipr  of  f;iRos  of  hiini.Tii  tnlierciilosi.'*  wliicli  have 
hccii  sliiilicd  with  s|i(H-iiil  i-clcri'iu-c  lo  (he  l.viic  of  liiicilliis  cMiisiuK  Ihcni,  wliollier 
liiiiiiMM  or  Ixiviiic,  iiiiil  .sinlcs  lli:il  of  llic  :!()(!  c-iscs  I'cporlcd,  (;:{,  or  approxiiiiiitely 
liO  per  i-cnt.  were  (hie  tn  llii>  1mi\  iiic  lulicnlc  h;irilliis. 
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the  subject  any  consideration.  It  has  been  equally  established  that 
hi  advanced  generalized  tuberculosis  the  udder  may  secrete  tubercle 
bacilli  without  showing  any  indication  of  being  affected.  Careful 
experiments  performed  by  trained  and  eminently  responsible  inves- 
tigators have  also  demonstrated  beyond  reasonable  doubt  that 
tubercle  bacilli  at  certain  times  may  be  present  in  the  milk  of  cows 
affected  with  tuberculosis  to  such  a  degree  that  the  disease  can  be 
detected  only  by  the  tuberculin  test,  so  that  in  a  herd  of  cows  in 
the  various  stages  of  tuberculosis  it  is  to  be  expected  that  some  of 
them  will  secrete  tuberculous  milk,  which,  when  mixed  with  other 
cows'  milk,  makes  the  entire  product  dangerous. 

In  this  connection  it  may  be  stated  that  the  market  milk  of  the 
District  of  Columbia  has  recently  been  examined  by  the  writer  for 
the  presence  of  tubercle  bacilli  by  the  intra-abdominal  inoculation 
of  guinea  pigs,  and  in  2  samples,  or  2.7  per  cent  of  the  73  specimens 
tested,  virulent  tubercle  bacilli  were  recovered.  The  ease  with  which 
tubercle  bacilli  may  be  eliminated  by  the  udder  was  strikingly  illus- 
trated by  an  experiment  conducted  by  the  Royal  British  Commission, 
in  which  a  cow  injected  with  human  tubercle  bacilli  under  the  skin 
of  the  shoulder  began  excreting  tubei'cle  bacilli  from  the  mammary 
gland  seven  days  later,  and  continued  to  do  so  until  its  death  from 
generalized  tuberculosis  thirty  days  after  inoculation.  Furthermore, 
Titze,  of  the  Kaiserliche  (Jesundheitsamte,  proved  that  human  tu- 
bercle bacilli  when  injected  into  the  jugular  vein  of  milch  cows  may 
be  excreted  with  the  milk.  In  the  first  experiment  the  excretion  of 
the  bacilli  began  in  the  third  week  and  continued  until  the  l-t4th  day. 
In  a  subsequent  test  tubercle  bacilli  began  to  be  excreted  after  twenty- 
four  hours,  but  no  bacilli  could  be  found  after  ninety-nine  days.  In 
both  these  cows  only  the  milk  fiom  the  left  hind  quai'ter  proved  to  be 
infectious. 

It  has  been  .shown  by  Gafl'ky  and  Eber  in  Germany  and  Schroeder 
in  this  country  that,  even  when  the  tubercle  bacilli  ai'e  not  being 
excreted  by  the  udder,  the  dust  and  manure  of  the  stable  where  the 
diseased  animals  are  kept  are  in  many  cases  contaminated  with  tuber- 
cle bacilli.  This  contaminated  material  may  readily  infect  the  milk 
during  the  process  of  milking,  even  though  the  nnik  comes  fi'om  a 
iiealthy  cow.  The  importanc(>  of  this  method  of  infecting  milk  can 
not  be  too  greatly  emphasized  when  it  is  known  that  cattle  in  pi'ime 
condition,  without  any  udder  lesions  and  with  l)ut  slight  alterations 
ni  the  lungs,  frequently  raise  tuberculous  mucus  into  the  pharynx 
\\iiile  cougliing,  then  swallow  this  material  and  thus  contaminate 
the  feces.  In  a  recent  examination  at  the  Bureau  of  Animal  Industry 
Kxperiment  Station  of  the  manure  passed  by  12  cows  just  purchased 
from  dairy  farms  sup])lying  milk  to  tlie  city  of  Washington  iind 
aircctcil    witii    lulicrculosis   to   an    extent    demonstrable   only    b\-    (lie 
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tuberculin  test,  tubercle  bacilli  were  found  in  over  41  per  cent  of  the 
cases,  both  by  microscoiaic  examination  and  animal  inoculations.  The 
danger  from  this  method  of  infecting  milk  is  ini[)rGssed  upon  us  as 
consumers  when  w'e  consider  the  prevalence  of  tuberculosis  in  dairy 
herds  as  disclosed  by  numerous  tests. 

PKEVALENCE     OF    TUBERCIJI.O.SIS     AMON(i     COWS     SUPPLYING     MILK    TO    THE     DISTRICT 
OF   COLUMBIA. 

Judging  from  the  i-esults  of  recent  tuberculin  tests,  it  is  believed 
that  on  an  average  between  15  and  25  per  cent  of  all  the  cows  which 
supply  milk  to  the  District  of  Columbia  are  tuberculous.  During 
1907  and  the  first  half  of  1908  the  Bureau  of  Animal  Industry 
supervised  the  testing  of  2,4G8  cattle  in  128  herds  supplying  milk 
to  the  District,  with  the  result  that  387,  or  15.08  per  cent,  were  found 
tuberculous.  Many  other  tests  have  been  made  by  local  veterina- 
rians of  which  the  Bureau  has  no  records.  The  percentage  given 
is  scarcely  a  fair  estimate  of  the  extent  of  tuberculosis  in  the  dairy 
herds  of  this  vicinity,  since  our  tests  include  manj^  herds  which  have 
either  been  cleaned  previously  by  private  tests  or  which  have  such  a 
healthy  appearance  as  to  remove  all  suspicions  of  tuberculosis  on  a 
phj'sical  examination.  Thus  far  these  tests  have  all  been  voluntary 
on  the  part  of  the  dairymen,  and  it  is  pleasing  to  note  the  large  num- 
ber who  have  had  their  herds  cleaned  of  tuberculosis  and  the  prem- 
ises disinfected. 

DANGER   FROM    TOXIN   IN    MILK   OF   TrPERCrLOUS   COWS. 

Aside  from  the  danger  of  tubercle  bacilli  in  milk,  some  investiga- 
tors (Lc  Blanc,  Ripper,  Jennna,  and  De  Michele)  consider  the  milk 
of  tubci-culous  cows  dangerous  even  when  bacilli  are  not  present,  on 
account  of  the  toxin  it  contains.  Michellazzi  has  injected  such  milk 
into  tnl)c'rculous  iiuinials  and  obtained  a  reaction. 

i:M.\nNAj  !■:  •ii'iiERcui.ors  cattle  or  pasteurize  milk. 

To  (■liniinal(>  all  tuberculous  cattle  from  the  herd  or  to  pasteurize 
all  ii:ilk  coming  IVoni  untested  cattle  should  therefore  be  the  object 
(if  all  prodiiceis  of  milk,  and  sanitarians  will  be  remiss  in  their  whole 
duty  sliould  (hey  neglect  to  guard  against  the  products  of  tuberculous 
animals  in  tlieir  attempts  to  eiadicate  tuberculosis  from  man.  This 
view  was  crystallized  in  a  resolulion  adopted  by  the  International 
Congress  of  Tuberculosis  i-ecenlly  held  in  Washington,  D.  C.  as 
follows; 

/{(■sdlriil.  'rii:il  prcvcnih  c-  incnsiircs  )ii'  c-nril  iniii'd  .■i;;;iinst  linviiic  tubcrculdsis. 
:iiiil  tliiil  llic  iiiissiliilil.v  <<(  I  he  |ii-ii|i;i;:Mliiin  of  lliis  iiifcctioii  to  iii;ui  be  rccoKiiiJiPrl. 
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TUBERCI.K    BACILLI    TN    OTHER   DAIRY   PRODUCTS. 

Since  milk  is  so  often  infected  with  tubercle  bacilli,  it  is  very  evi- 
dent that  food  products  made  from  milk  without  submitting  it  to 
"lethal  temperatures  during  the  process  of  their  manufacture  must 
frequently  harbor  virulent  tubercle  bacilli  in  undesirable  numbers. 

The  investigations  of  Rabinowitsch,  Klein,  Laser,  Bang,  Petri, 
Dawson,  Markl.  Moller,  and  many  others  have  conclusively  shown 
that  tubercle  bacilli  may  be  present  in  butter,  buttermilk,  margarin, 
and  cheese  when  these  products  are  offered  for  sale.  Butter  made  in 
the  customary  manner  and  stored  under  the  ordinary  market  condi- 
tions until  time  of  sale,  if  dangerous  through  the  j^resence  of  tubercle 
bacilli  at  the  time  of  its  manufacture,  may  retain  its  virulence  through 
.several  months.  This  statement  has  been  adecjuately  proved  by  two 
series  of  experiments  recently  performed  by  the  Bureau  of  Animal 
Industry. 

In  one  series  by  Mohler,  Washburn,  and  Rogers  three  samples  of 
butter  were  tested.  The  first  was  made  from  milk  to  which  bovine 
tubercle  bacilli  had  been  added  just  before  churning.  They  were 
obtained  from  a  luxuriantly  growing  cidture  upon  glycerin  bouillon. 
Ten  centigrams  were  removed  from  the  .surface  growth  of  the  flask, 
carefully  mixed  in  a  sterilized  solution,  and  added  to  10  gallons  of 
milk.  The  second  sample  was  made  from  milk  obtained  from  a  cow 
affected  with  tuberculosis  of  the  udder.  In  this  milk  tubercle  bacilli 
of  extreme  virulence  were  present  in  great  numbers.  Both  the  first 
and  second  samples  of  butter  were  salted  in  the  usual  proportions  of 
1  ounce  of  salt  to  a  pound  of  butter.  The  third  sample  was  similar  in 
every  respect  to  the  second,  except  that  it  was  left  unsalted.  These 
samples  of  butter  were  tested  upon  guinea  pigs,  not  only  when  first 
made,  i)ut  also  after  storing  for  ten  days  in  the  ice  chest,  aftei'  hold- 
ing in  cold  storage  for  sixty  days,  and  again  after  i-etention  in  cold 
storage  for  a  period  of  five  months  (one  hundred  and  fifty-three 
days).  The  results  showed  that  e'ach  of  these  samples  harbored  viru- 
lent tubercle  bacilli  throughout  the  entire  storage  period,  and  that  at 
any  time  they  were  capable  of  infecting  guinea  pigs  with  tulx'rculosis 
if  injected  into  llie  ])eritoneal  cavity,  and  if  the  tuberculous  buttei- 
was  fed  to  the  animals  generalized  cases  of  tuberculosis  were  still 
capable  of  being  developed.  In  these  experiments  10  guinea  pigs  were 
fed  upon  ea<'h  butter  sample  for  three  consecutive  days  and  0  were 
inoculated  with  the  same  kind  of  material.  Six  weeks  later  they 
were  chlorofoi-med  and  the  visceral  organs  of  each  were  caivfully 
scrutinized  that  every  trace  of  tuberculosis  might  l)e  detected.  None 
of  the  lots  of  guinea  pigs  remained  entirely  free  of  tulierculosis. 
although  those  animals  which  were  fed  upon  the  contamiiuited  bnl 
ter  failed  to  contract  tlic  rliseasc  as  frequently  as  thosi'  wliicli   were 
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injected.  This  experiment  is  to  be  exteniled  further  in  order  to  de 
terniine  the  niaxinunn  time  in  which  infected  butter,  both  salted  am 
unsalted,  will  remain  virulent  when  kept  in  cold  storage  under  nor- 
mal trade  conditions.  As  the  temperature  in  the  cold-storage  rooms 
is  very  low,  the  evidence  shows  that  the  tubercle  bacilli  are  held  un 
changed  in  the  frozen  butter  for  a  long  period,  but  that  they  slowlj 
lose  their  vitality. 

In  another  series  of  experiments  by  Schroeder  and  Cotton,  of  the 
Bureau  Experiment  Station,  butter  was  made  from  the  milk  of  a  cow  i 
utl'ected  with  udder  tuberculosis.  After  salting  at  the  rate  of  1  ounce  r 
of  salt  to  a  pound  of  butter,  the  butter  was  kept  without  ice  in  a  cellar 
in  which  the  temperature  remained  fairly  constant  at  60°  F.,  and 
from  time  to  time,  up  to  one  hundred  and  sixty  days  from  the  making 
of  the  butter,  guinea  pig^  were  inoculated  with  portions  of  the 
butter.  More  than  60  guinea  pigs  were  thus  inoculated  and,  with 
the  exception  of  5  that  died  prematurely  and  1  that  was  killed,  all 
died  of  generalized  tuberculosis,  and  the  one  that  was  killed  was  also 
found  ati'ected. 

In  cheese  also  tubei-ele  bacilli  may  become  mixed  up  with  the  curd 
during  the  process  of  manufacture,  and  they  have  been  shown  to  re 
main  virulent  for  over  three  months.  As  a  result  of  Galtier's  experi 
ments  conducted  with  cheese,  both  salted  and  not  salted,  which  was 
found  to  contain  tubercle  bacilli  when  two  months  and  ten  days  old 
he  concluded  that  coagidated  milk,  fresh  cheese,  and  salted  cheese 
made  from  the  milk  of  tuberculous  cows  maj'  infect  man,  and  that  the 
by-products  fed  to  swine  and  chickens  may  infect  these  animals.  In 
experiments  made  in  Switzerland  to  determine  the  fate  of  tubercle 
bacilli  in  cheese  it  was  demonstrated  that  they  died  between  the 
thirty-third  and  fortieth  day  in  cheese  made  after  the  Emmeutal 
method,  but  considerably  lat(>r  in  cheese  made  approximately  after 
the  Cheddar  method.  An  emulsion  of  tubercle  bacilli  was  added  to 
milk  at  the  same  time  as  the  rennet,  and  cheese  was  made  from  the 
milk  in  the  manner  required  to  obtain  Cheddar  cheese.  From  tlie 
time  of  manufacture  average  samples  of  the  cheese  \vere  taken  Aveekly. 
macerated  in  sterile  water,  and  (llfered.  (Juinea  pigs  were  inoculated 
with  portions  of  the  filtrate,  and  il  was  foiuid  that  the  germinafing 
power  of  the  tubercle  bacilli  lasted  one  hundred  and  four  days,  but 
after  one  hundivd  and  eleven  days  they  were  incapable  of  conveying 
the  disea.sc!  to  guinea  pigs  by  inoculation.  Harrison  concluded  that 
these  experiments  justify  the  statement  that  Ennnental  cheese  may 
l)e  eaten  with  safety,  as  the  period  of  rijiening  is  much  longer  than  the 
period  during  which  the  bacilli  become  inocuous.  Cheddar  cheese, 
lie  states,  is  seldom  eaten  under  four  months  from  time  of  manufac- 
liin%  and  during  this  period  the  tubercle  bacilli  lose  their  vitality. 
Notwitiistauding   this,    liowexcr,    the    writer    rccounnended    the    pas- 
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irjzation  of  the  milk  in  order  to  make  the  cheese  absohitely  safe. 
a  recent  investigation  conducted  by  the  writer  in  cooperation  with 

I, me,  tubercle  bacilli  have  been  demonstrated  by  guinea-pig  inocu- 

iions  in  cheese  one  hundred  and  twent^'-two  days  old.  made  after 

I'  Cheddar  method. 

In  manufacturing  mai'garin  the  method  commonly  emiDloyed  is  to 

lijcct  the  finely  comminuted  fat  to  a  temperature  not  to  exceed  50° 

for  one  and  one-half  hours.     Sour  milk  is  then  added  and  the 

Ipile  mass  is  thoroughly  mixed;  dairy  butter  is  next  added,  and  a 

■ruiin  proportion  of  oils  (cotton,  palm,  cocoanut,  etc.).     Enough  of 

ic  or  more  of  these  oils  is  added  to  lower  the  melting  jDoint  to  that 

f  dairy  butter.     Hence  it  will  be  seen  that   artificial  butter  thus 

ia<li'  may  be  infected  in  three  ways:  Fii'st,  from  the  fat  secured 

mill  the  original  cattle,  as  tubercle  bacilli  will  withstand  a  tempera- 

ii''  of  .50°  C.  for  some  hours;  second,  from  the  butter  or  soured 

nik  that  has  been  added;  and,  third,  from  contamination  during 

li'  course  of  its  manufacture.     Moi-genroth  made  examinations  of  20 

iiiiiples  of  oleomargarin.  purchased  in  the  open  market,  and  proved 

he  i^rcsence  of  virulent  tubercle  bacilli  in  9  of  the  specimens. 

Other  products  which  occasionally  are  consumed  by  people,  but 
ire  used  more  extensively  as  food  for  live  stock,  will  also  serve  to 
■onvey  tubercle  bacilli  from  infected  milk  to  those  that  are  allowed 
o  consume  them.  Thus  whey  from  cheese  factories  and  buttermilk 
nid  separated  milk  from  public  creameries  are  all  offenders  in  this 
resj^ect  and  have  been  incriminated,  especially  in  the  feeding  of 
hogs  and  calves. 

V.VLTE  OF  THE  TrKEUCfLIN   TEST. 

The  symptoms  of  tuberculosis  in  cattle  are  not  sufficiently  promi- 
ment  except  in  advanced  stages  or  when  superficially  located  to  ena- 
ble (me  to  diagnose  this  disease  by  the  ordinary  methods  of  physical 
examination.  And  the  cattle  may,  without  showing  any  clinical 
symptoms,  be  in  such  a  stage  of  tuberculosis  as  to  render  them  capable 
of  spreading  disea.se.  Indeed,  an  animal  may  be  fat  and  sleek,  eat 
and  milk  well,  have  a  bright,  glossy  coat,  and  be  apparently  in  the 
pink  of  condition,  and  still  be  passing  tubercle  bacilli  through  the 
feces  or  by  an  occasional  cough,  and  thus  endanger  all  the  he.dthy 
cattle  in  the  herd.  Consequently,  such  adventitious  aids  to  diagnosis 
as  animal  inocidation.  l)iological  test,  serum  agglutination  reaction, 
and  the  tuiierculin  test  are  made  use  of  in  arriving  at  a  definite  opin- 
ion I'elative  to  the  presence  or  absence  of  this  disease.  The  value  of 
all  but  the  last  of  these  is  discounted  by  the  technique  required  and 
their  impracticability,  while  the  tuliercuiin  test  is  most  satisfactory 
and  is  the  best  diagnostic  agent  known  for  the  disease. 
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THE   ORIGIN    OF   THK    TtlBERCULIN    TEST. 


Tuberculin  was  invented  by  Koch  in  1890,  and  was  first  used  ex 
perimentally  in  treating  tuberculosis  in  man.  In  these  cases  it  v.'a 
observed  that  its  injection  was  followed  by  a  rise  of  temperature 
which  led  veterinarians  to  apply  tuberculin  to  suspected  animals  t< 
see  if  a  similar  reaction  resulted.  Numerous  experiments  showed  thi 
to  be  the  case,  and  since  1891  the  use  of  tuberculin  as  a  cliajinostii 
agent  for  tuberculosis  of  cattle  has  been  almost  universally  adoptee 
in  all  parts  of  the  civilized  world.  No  one  thinks  of  accepting  tuber 
( ulin  as  an  absolutely  infallible  agent,  but  it  is  immeasurably  mon 
dependable  than  any  other  method  that  has  ever  been  used. 

THE    NATURE    AND    APPLICATION    OF    TUBERCULIN. 

Tuljerculin  is  the  sterilized  and  filtered  glycerin  extract  of  cultures 
of  tubercle  bacilli.  It  contains  the  cooked  products  of  the  growth  oi 
these  bacilli,  but  not  the  bacilli  themselves.  Consequently,  when  thie 
substance  is  injected  ujider  the  skin  of  an  animal  it  is  absolutely 
unable  to  produce  the  disease,  cause  abortion,  or  otherwise  injure  the 
animal.  In  case  the  injected  animal  is  normal  there  is  no  more  effect 
upon  the  system  than  would  be  expected  from  the  injection  of  sterile 
water.  However,  if  the  animal  is  tuberculous,  a  decided  rise  of  tem- 
l^erature  will  follow  the  use  of  tuberculin. 

In  practice  the  tuberculin  test  is  api^lied  by  first  taking  a  sufficient 
number  of  temperatures,  usually  three,  at  intervals  of  two  hours  to 
ascertain  the  normal  variation  of  temperature  of  the  animal  to  be 
tested.  The  dose  of  tuberculin  (which  should  always  be  specified  on 
the  label)  is  then  injected  hypodermically  between  8  and  10  p.  m.  on 
the  day  of  taking  the  preliminary  temperatures."  On  the  following 
(hiy  the  "  after  "  temperatures  are  recorded  every  two  hours,  begin- 
ning at.  (i  a.  m.  and  continuing  until  twenty  hours  following  the 
injection. 

I'HE   UELIAHILITY    OF    THE    TUBEROI'LIN    TEST. 

As  a  result  of  this  metliod  an  accurate  diagnosis  may  be  established 
in  over  97  per  cent  of  the  cases  tested.  The  relatively  few  failures 
in  diagnosis  are  included  among  two  classes  of  cattle.  The  first  class 
(contains  those  that  are  tuberculous  but  which  do  not  react  either 
liecause  of  the  slight  effect  of  an  ordinary-sized  dose  of  tuberculin  on 
an  advanced  case  of  the  disease  with  so  much  natural  tuberculin 
already  in  the  system,  or  on  account  of  a  previous  test  with  tuberculin 
which  produces  a  tolerance  to  this  material  lasting  for  about  six 


"The  oiilitlialino-tiibercnlin  test  and  the  euti-tuberciilin  test,  as  their  names 
imply,  coiisisl  in  (iic  :i|ipli(Mli(m  of  the  tubi'ifulin  to  the  e.vo  ami  to  the  scarllieii 
siiiii  of  the  aiiiiiiiil  (o  lie  l('sl(>(l.  These  methods  will  not  be  dlscusseti  at  present, 
as  (hey  are  still  in  I  he  expiu'imental  stage. 
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'weeks.  The  second  class  includes  those  that  are  not  tuberculous  but 
which  show  an  elevation  of  temjjerature  as  a  result  of  (a)  advanced 
pregnancy;  (b)  the  excitement  of  oestrum;  (c)  concurrent  diseases, 
as  inflanunation  of  the  lungs,  intestines,  uterus,  udder,  or  other  parts, 
abortion,  retention  of  afterbirth,  indigestion,  etc.;  (d)  inclosure  in  a 
hot,  stuffy  stable,  especially  in  summer,  or  exposure  to  cold  drafts  or 
rains,  or  (e)  any  change  in  the  method  of  feeding,  watering,  or 
stabling  of  the  animal  during  the  test. 

Notwithstanding  all  these  possibilities  of  error,  the  results  of  thou- 
sands of  tests  show  that  in  less  than  3  per  cent  of  the  cases  tested 
do  these  failures  actually  occur.  In  the  first  class  the  chances  of  error 
are  decidedly  reduced  by  the  skilled  veterinarian  by  making  careful 
physical  examination  and  diagnosing  these  advanced  cases,  and  by 
the  injection  of  double  or  triple  doses  into  all  recently  tested  cattle, 
with  the  taking  of  the  after  temperatures  beginning  two  hours  fol- 
lowing the  injection  and  continuing  hourly  for  twenty  liours.  In 
the  second  class  errors  are  avoided  by  eliminating  those  cases  from  the 
test  that  are  nearing  parturition  or  are  in  heat,  or  show  evidence  of 
the  previously  mentioned  diseases,  or  exhibit  temperatui-es  sufficiently 
high  to  make  them  unreliable  for  use  as  normal.  Then,  in  reading 
after  temperatures  it  is  advisable  not  to  recognize  as  a  reaction  an 
elevation  of  temperature  less  than  2°  F.,  or  one  which  at  the  same 
time  does  not  go  above  103.8°  F.,  and  the  temperature  reaction  must 
likewise  have  the  characteristic  rainbow  curve.  (Those  cases  which 
approximate  but  do  not  reiich  this  standard  should  be  considered  as 
suspicious  and  held  for  a  retest  six  weeks  later.)  In  addition,  a  satis- 
factory tuberculin  must  be  used;  also  an  accurate  thermometer  and  a 
reliable  syringe  in  order  that  a  sufficient  dose  of  tuberculin  may  be 
given.  Finally,  the  number  of  apparent  errors  of  the  tuberculin  test 
will  be  greatly  diminished  if  a  careful  post-mortem  examination  is 
made,  giving  especial  attention  to  the  lymph  glands. 

This  low  percentage  of  failures  being  the  case,  cattle  owners  shoidd 
wel(;ome  the  tuberculin  test  not  only  for  their  own  interest  but  for 
the  weifai'e  of  the  public  as  well.  Where  this  method  of  diagnosing 
(he  disease  has  been  adopted  tuberculosis  is  gradually  being  eradi- 
cated, while  it  is  spreading  rapidly  and  becoming  widely  disseminated 
in  those  districts  where  the  tuberculin  test  has  not  been  employed. 
^^'ith()ut  its  use  the  disease  can  not  be  controlled  and  the  cattle  owner 
is  confronted  with  serious  and  continuous  losses;  with  its  use  the  dis- 
ease can  be  eradicated  fi'om  the  herd,  a  clean  herd  established,  and 
the  danger  of  its  spread  to  man  removed.  Tuberculin  may,  therefore, 
be  considered  a  most  l)eneficial  discovery  for  the  stock  rai.ser.  Strange 
to  say.  many  of  these  men  have  been  incredulous,  antagonistic,  oi- 
prejudiced  against  the  tuberculin  test  by  misinterpreting  published 
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statements,  by  incorrect,  unsubstantiated,  or  exaggerated  reports,  and 
by  alleged  injurious  effects  to  healthy  cattle. 

Law  "  has  clearl_y  stated  the  question  when  he  says : 

Many  stock  owners  still  entertain  au  ignortint  and  unwarrantetl  <lrejul  of  tlie 
tnberculin  test.  It  is  true  lliat  wlien  recklessly  used  by  ignorant  and  careless 
l)eoi>le  it  may  be  made  a  root  of  evil,  yet  as  employed  by  the  intelligent  and 
careful  expert  it  is  not  only  perfectly  safe,  but  It  is  tbe  only  known  means  of 
ascertaining  approximately  tlie  actual  number  affected  in  a  given  herd.  In 
most  infected  herds,  living  under  what  are  in  other  respects  r'ood  hygienic  con- 
ditions, two-thii'ds  or  three-fonrths  are  not  to  be  detected  without  its  aid,  so 
that  in  clearing  a  herd  from  tuberculosis,  and  placing  both  herd  and  products 
above  suspicion,  the  test  becomes  essential. 

Ill  skilled  hands  the  tuberculin  test  will  show  at  least  nine-tenths  of  all  cases 
of  tuberculosis  when  other  nieth<jds  of  diagnosis  will  not  detect  one-tenth. 

It  is  perfectly  natural  that  there  should  be  objection  to  its  use 
among  those  who  are  not  acquainted  with  its  method  of  preparation 
or  its  properties;  but  it  is  difficult  to  explain  the  antagonism  of  farm- 
ers who  are  familiar  with  the  facts  connected  with  the  manufacttire 
and  use  of  tuberculin.  Probably  the  most  popular  objection  to  tuber- 
culin is  that  it  is  too  searching,  since  it  discovers  cases  in  which  the 
lesions  are  small  and  obscure.  While  this  fact  is  admitted,  it  should 
also  be  borne  in  mind  that  such  a  small  lesion  to-day  may  break  down 
and  become  widely  disseminated  in  a  relatively  short  period.  There- 
fore any  cow  affected  with  tuberctilosis.  even  to  a  slight  degree,  must 
bt>  considered  as  dangerous  not  only  to  the  other  animals  in  the  herd 
l)ut  also  to  the  consumer  of  her  products. 

TUK    IIAUMI.KS.SNKMS    Ol'    TnUiRCULIN. 

Furthermore,  tuberculin  must  be  con.sidered  as  harmless  for  healthy 
animals  in  view  of  the  results  revealed  by  niunerous  tests  covering 
\as(  nniiiber  of  animals.  And  it  has  also  been  clearly  demonstrated 
tliat  (nlierculin  interferes  in  no  way  with  the  milking  function  in 
iiealthy  cattle;  neither  in  the  (jiiaiitity  of  milk  nor  in  butter-fat  value 
has  any  variation  been  detected. 

Nocard  and  Leclainche  **  state: 

Direct  e.xiicrimciils  and  observations  ((iIIccIimI  by  thousands  show  that  the 
tnberculin  injections  liave  no  unfavorable  effect.  With  healthy  animals  the 
systein  is  indifl"er(>nt  to  the  inoculation;  with  tuberculosis  animals  it  causes 
only  sliglit  changes,  which  are  not  at  all  serious. 


"Text  Hr..)k  of  Veterinary  Medicine,  vol.  4.  pp.  4.^,  40.^.     Ttliaca.  \.  Y.,  1002. 
''  I,es  Maladies  Microbiemies  des  ,\niin,iu.\.  vol.  2.  p.  ,S5.     I'aris,  1903. 
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DISPOSAL  OF   AND  INDEMNITY    FOR   REACTING    ANIMALS. 

Most  of  the  objections  to  tuberculin  would  probably  be  removed  if 
some  method  of  compensation  for  the  reacting  animals  could  be  de- 
vised. Thus,  in  Pennsylvania,  where  tuberculosis  is  being  eradicated 
with  more  success  than  in  any  other  State,  and  where  there  are 
usually  three  times  as  many  voluntary  requests  on  file  for  the  appli- 
cation of  the  test  as  can  be  made,  all  reacting  animals  are  paid  for  by 
the  State.  As  the  suppression  of  tuberculosis  is  a  public  health 
measui'e,  it  would  appear  perfectly  logical  for  the  State  governments 
to  reimburse  cattle  owners  ajjpropriately  for  the  animals  condemned 
and  slaughtered.  Provision  could  be  made  to  pay  70  per  cent  of  the 
ippraised  value  of  the  condemned  animals,  not  to  exceed  $30  per 
head  for  common  stock  or  $()0  for  registered  stock.  Such  legislation 
should  also  include  a  requirement  for  the  testing  of  all  cattle  coming 
into  the  State  for  dairy  or  breeding  purposes. 

All  tuberculosis  animals  should  be  slaughtered  in  abattoirs  having 
Federal  inspection,  and  the  money  obtained  from  carcasses  which  are 
inspected  and  passed  for  food  and  from  the  hide  and  offal  of  those 
carcasses  condemned  as  unfit  for  food  should  be  applied  as  part  paj'- 
ment  on  the  indemnity  for  their  respective  owners.  The  payment 
of  indemnity  for  tuberculosis  animals  is  a  good  business  policy  and 
would  do  more  toward  making  the  tuberculin  test  popidar  with  cattle 
owners  than  any  other  possible  action.  And  as  a  corollary  of  the 
latter  more  testing  would  be  performed  and  more  tuberculous  cattle 
would  be  discovered  at  the  start,  but  the  gradual  suppression  of  the 
disea.se  would  soon  be  manifest,  as  has  been  noted  in  Penn.sylvania 
and  Denmark.  Furthermore,  as  Stiles  has  mentioned,  if  tuberculosis 
can  be  eradicated  fi'oni  dairy  herds  with  but  slight  loss  to  the  owner, 
the  increase  in  the  price  of  milk  would  naturally  be  inhibited,  and 
the  children  of  ]3oor  families  would  conse(|uently  be  in  less  danger  of 
having  this  very  important  article  of  their  diet  decreased. 

CONOHTKIONK   KE(^\RII1\(;    TIIK    irHERcn.IN    TEST. 

As  a  result  of  the  careful  study  of  llie  tuberculin  test  Salmon' 
draws  the  following  conclusions:    . 

1.  That  the  fuherciilin  test  is  a  woiidcrl'iilly  accnr.Uc  mctlicxl  nf  (IcUMiiiiiiiiiK 
whether  an  animal  is  affected  with  tiiliercnlosis. 

-.  That  liy  the  use  of  tiilierculin  the  aiiinials  diseased  with  tulierculosis  may 
l)e  detected  and  removed  fiom  tlic  herd.  tlierel)y  eradiciitint;  the  disease. 

'■'>.  That  tiilierciilin  lias  no  iiijnrions  efl'eet  niion  Iieiillliy  (•••ittle. 

■I.  That  llie  cDiniiai'Mtively  small  nnmltef  of  cuttle  whidi  liave  aborted,  suf- 
fered in  health,  or  fallen  off  in  condition  after  the  tuberculin  test  were  either 

"Yearljook  of  the  rniled  St;ites  Deji.irtmont  of  Agriculture,  1001.  p.  502, 
1 4 1 1  -i!u II.  .")(!  -00 ,",:; 
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diseased  before  the  test  was  made  (ir  wei-c  affected  li.v  smiie  cause  dllicr  tlian 
the  tuberculiu. 

SUMMARY  OF  DIRECTIONS  FOB   MAKING  THE  TUBEKOULIN    TEST. 

1.  Stable  cattle  under  usual  conditions  and  among  usual  surround- 
ings, feeding  and  watering  in  the  customary  uuinner. 

'2.  Make  a  physical  examination  of  each  animal,  and  give  to  euc'.i 
one  some  designation  by  which  the  animal  will  be  known  throughout 
the  test.  -  I 

3.  Take  each  animal's  temperature  at  least  three  times  at  two  or  \ 
three  hour  intervals  on  the  day  of  injection ;  for  instance,  at  2,  5, 
and  8  p.  m. 

4.  At  8  or  10  p.  m.  inject  a  dose  of  tuberculin  under  the  skin  in  the 
region  of  the  shoulder,  using  a  sterile  hypodermic  syringe  after  dis- 
infecting the  skin  at  the  seat  of  injection  with  a  5  per  cent  solution 
of  carbolic  acid  or  a  similar  antiseptic  solution. 

;").  Tuberculin  is  not  always  concentrated  to  the  same  degree,  and 
therefore  the  dose,  which  should  always  appear  on  the  label,  varies 
considerably.  The  dose  of  imported  tuberculin  is  0.25  c.  c.  for  an 
adult  cow,  and  before  injection  is  diluted  with  sterile  water  to  2  c.  c. 
The  tuberculin  made  by  the  Bureau  of  Animal  Industry  is  prepared 
so  that  it  will  not  be  necessary  to  dilute  it,  and  the  dose  is  2  c.  c.  for 
an  adult  animal.  Yearlings  and  2-year-olds,  according  to  size,  should 
receive  from  1  to  1^  c.  c,  while  bulls  and  very  large  animals  may 
receive  3  c.  c. 

6.  At  6  a.  m.  on  the  day  following  the  injection  of  tuberculin  com- 
mence taking  temperatures,  and  continue  every  two  or  three  houi's 
until  the  twentieth  hour  after  injection,  at  which  time  if  there  is  no 
tendency  for  the  temperature  to  rise  the  test  may  cease. 

7.  A  rise  of  2°  F.  or  more  above  the  maximum  temperature  ob- 
sei-ved  on  the  previous  dny,  providing  the  temjierature  after  injection 
exceeds  103.8°  F.,  should  be  regarded  as  an  indication  of  tuberculosis. 
Those  ca.ses  which  approximate  but  do  not  reach  this  standard  should 
be  considered  as  suspicious,  and  held  for  a  retest  six  weeks  later, 
giving  double  the  original  dose. 

KOOT-AND-MOUTII   DISEASE. 

The  recent  outbreak  of  foot-aiul-mouth  disease  in  Michigan,  New 
York,  Pennsylvania,  and  Maryland,  which  started  October  16,  1!)0H, 
has  been  the  occasion  of  many  inipiiries  regarding  the  efl'ect  of  this" 
disease  upon  the  milk  supply  and  the  danger  of  its  transuussion  to 
man.  A  brief  discussion  of  these  subjects  at  this  time  would  therefore 
seem  appropriate. 
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Foot-and-mouth  disease,  also  known  as  "  aphthous  fever,"  "  epi- 
,(M)tif  aplitlia,"  and  "  eczema  contagiosa,"  is  an  acute,  highly  infectious 
ii-i'ase  of  cattle  and  other  domestic  animals  the  characteristic  feature 
•  f  which  is  the  eruption  of  vesicles  on  the  mucous  membrane  of  the 

nth  and  on  the  skin  between  the  toes  and  above  the  hoofs.     The 

icles  rupture,  forming  erosions  and  ulcerations  accompanied  by 
;;livation,  great  tenderness  of  the  atfected  parts,  loss  of  appetite, 
laineness,  emaciation,  and  diminution  in  the  quantity  of  milk  secreted. 

Tn  the  early  stages  or  in  a  mild  attack  of  the  disease  the  milk  may 
|||(•'^pnt  onlv  a  few  abnormal  characteristics,  such  as  a  fall  in  its  spe- 
II lie  gravity  to  1023-1025,  and  the  reduction  in  the  quantity  of  sugar 
.111(1  casein.  AVhen  the  disease  is  full}'  developed,  or  about  the  third 
il;iy.  the  milk  invariabty  contains  inflammatory  products  of  a  very 
[iiiinounced  character,  and  the  quantity  of  milk  secreted  is  greatly 
n  'luced.  Cows  atl'ected  with  the  malignant  form  of  the  disease  lose 
p;  actically  all  of  their  milk,  but  if  the  disease  is  mild  in  character  the 
il'  I  lease  will  be  from  one-third  to  one-half  of  the  usual  j^ield. 

rhe  milk  becomes  thinner,  bluish,  and  poor  in  fat.  Only  in  rare 
I  i-cs  does  the  fat  content  increase  with  the  diminution  of  the  milk 
-I  'letion.  The  casein  and  sugar  content  is  reduced,  but  the  salt  con- 
l;'iit  is  increased  and  the  acidity  diminished.  If  the  udder  ijecomes 
!ii\olved  the  milk  has  a  slimy  consistence  and  is  yellowish  and  vis- 
uMs  like  colostrum.  It  frequently  contains  coagulated  fibrin  and 
lilnod,  so  that  a  considerable  sediment  forms  after  standing,  while  the 
layer  of  cream  which  rises  is  thin  and  of  a  dirty  color.  Occasionally 
iKJ  layer  of  cream  is  formed,  but  the  milk  appears  as  a  uniform,  slimy 
mass  of  a  bad  odor,  and  a  repulsive,  rancid  taste.  This  slimy  con- 
-i-tcnce  is  due  to  the  large  quantity  of  albumen  and  globulin  con- 
I allied.  The  sediment  contains  leucocytes,  desquamated  epithelial, 
and  broken-down  tissue  cells  in  large  quantities,  besides  fibrin  and  red 
t)lood  cells. 

This  affection  is  transmissible  to  man  througii  the  ingestion  of 
raw  milk,  buttermilk,  l)utter,  cheese,  and  whey  from  diseased  animals, 
and  also  directly,  though  more  rarely,  from  the  saliva,  secretions,  or 
other  infected  material  which  may  gain  entrance  through  the  abra- 
sions of  the  skin.  Childi'en  are  not  infrequently  infected  by  drinking 
unboiled  milk  during  the  periods  in  which  the  disease  is  prevalent  in 
the  neigliborliood,  while  those  persons  in  charge  of  di.seased  aninuiis 
become  infected  through  contact  witli  the  diseased  parts  as  by  milk- 
ing, slaiiglitering,  oi-  caring  for  them.  In  such  cases  the  symptoms 
resemble  those  observed  in  animals.  Tlierc  is  fever  sometimes  witii 
vomiting,  painful  swallowing,  heat  and  dryness  of  the  mouth,  followed 
l>y  an  eruption  of  vesicles  on  the  buccal  mucous  membrane  and  very 
rarely  l)y  similar  ones  on  the  fingers.  These  vesicles  appear  on  the 
lips,  giiins,  clK'ek.  and  edge  of  the  tongue,  an<l  are  about  tiie  size  of  a 
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pea.  The  vesicles  soon  rupture,  leaving  a  small  erosion  which  is  soon 
covered  by  a  thin  crust  under  which  the  new  formation  of  epitheliuin 
I^roceeds  rapidly'.  The  skin  eruption  mostly  appears  on  the  hands, 
tips  of  the  fingers,  base  of  the  nails,  volar  surfaces  of  the  finger  tips, 
and  more  seldom  on  the  toes  and  other  parts  of  the  body.  Besides  these 
local  changes,  during  the  course  of  the  disease  there  are  occasionally  \ 
observed  headache,  pain  in  the  limbs,  vertigo,  abdominal  crami)S, 
vomiting,  diarrhea,  and  weakness.  The  disease  is  very  seldom  fatal,  j 
usually  appearing  in  a  verj^  mild  form  except  in  w-eakened  children 
in  whom  an  accompanying  intestinal  catarrh  may  lead  to  a  fatal 
termination.  Those  veterinarians  who  have  had  considerable  experi- 
ence with  this  disease  among  animals  regard  the  human  affection  as 
by  no  means  uncommon  in  countries  where  foot-and-mouth  disease 
prevails,  but  the  disturbance  of  health  is  usually  too  slight  to  come 
to  the  notice  of  the  family  physician.  The  frequency  of  such  infec- 
tion is  established  by  numerous  observations  which  have  been  recorded 
in  the  literature  of  foot-and-mouth  disease,  showing  that  human  in- 
,  fection  has  constantly  accompanied  the  outbreaks  among  cattle.  Val- 
entin was  jjrobably  the  first  to  suggest  the  infectiousness  of  the  milk 
and  the  transmissibility  of  the  virus  to  man  through  the  milk  of  dis- 
eased animals.  He  rejjorted  several  cases  wdiere  people  became  in- 
fected during  the  outbreak  in  Hesse  in  1G95.  Sagar,  in  1765,  reported 
a  similar  infection  of  men  in  Moravia  from  drinking  infected  milk. 
In  1778  all  the  residents  of  an  Austrian  monastery  developed  a  vesicu- 
lar eruption  in  the  mouth  after  drinking  virulent  milk.  Hertwig, 
Mann,  and  Villain  conducted  an  experiment  on  themselves  in  1834 
hv  drinking  milk  warm  from  a  cow  which  w^as  suffering  from  an 
attack  of  foot-and-mouth  disease.  Five  days  later  vesicles  appeared 
on  I  he  hands,  fingers,  tongue,  cheeks,  and  lips  of  Hertwig,  while  the 
eru])tion  in  the  other  two  was  confined  to  the  buccal  mucous  mem- 
brane. 

Allbutt  ol)served  the  vesicidar  erujjtion  in  the  mouths  of  three 
children  in  Yorkshire  during  tlie  English  outbreak  in  1883.  and 
obtained  information  of  a  lunnber  of  similar  cases  in  the  connnunity. 
During  the  1893  outbreak  in  (lermany  a  siiepherd  infected  himself 
by  holding  in  his  mouth  a  knife  wliicli  had  been  used  in  paring  the 
diseased  feet  of  his  sheep.  A  number  of  milkmaids  were  infected 
through  milking,  the  vesicles  a])pearing  ju-incipally  on  their  hands. 
A  child  fed  on  imboiled  milk  of  affected  cows  developed  an  erup- 
tion of  blisters  on  the  tongue,  lips,  and  soft  skin  between  the  fingers 
and  toes.  Fin-thermore,  in  the  Berlin  outbreak  of  1895  a  number 
of  those  wiio  di'ank  infected  milk  developed  fever,  followed  by  the 
formation  of  vesicles  on  the  tongue  and  lips.  The  acute  disease 
lasted  about  five  days,  leaving  a  feeling  of  great  weakness  for  some 
time.    Virchow  made  an  investigation  of  these  cases  and  unhesitatingly 
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inonoiinced  the  aft'ection  to  be  foot-and-mouth  disease.  A  collection 
of  the  cases  of  transmission  of  this  disease  to  man  through  the  c(m- 

iinption  of  milk  has  been  prepared  by  Wiirzburg,  while  the  work 
i  Brussenins  &  Siegel  contains  a  full  bibliography  of  the  literature 
•  t  such  transmission  ujj  to  1896.  Similar  cases  of  infection  resulting 
I'rom  the  use  of  butter  made  from  infected  milk  are  on  record,  while 
S(  Imeider  mentions  instances  where  human  infection  followed  the 
(  unsumption  of  infected  cheese.  Similarly,  Freidberger  &  Frohnei 
iviord  cases  which  were  caused  by  infected  buttermilk. 

There  have  been  but  few  outbreaks  of  the  disease  in  the  United 
Slates,  and  therefore  recorded  cases  of  its  transmission  to  man  in 
this  country  are  quite  rare.  Law  reports  having  observed  the 
•  iisease  in  man  from  drinking  infected  milk  during  the  epizootic  of 
ls70  in  tlie  Eastern  States,  but  the  outbreaks  of  1880  and  1884  affected 
-uch  a  small  number  of  animals  and  was  so  quickly  suppressed  that 
in)  instance  of  its  transmission  to  man  was  recorded.  A  few  cases 
have  been  reported  by  Brush"  accompanying  the  New  England 
outbreak  of  1902.  Similar  reports  have  likewise  been  received 
ni^arding  the  appearance  of  vesicular  eruptions  in  the  mouths  of 
'  iiildren  during  the  1908  outbreak,  and  the  history  of  these  cases 
imriminates  the  milk  consumed.  In  both  of  these  last  outbreaks 
(lie  sale  of  milk  was  stopped  as  soon  as  the  disease  was  found  among 
I  attle.  and  therefore  the  opportunity  for  the  infection  of  man  was 
nut  so  good  as  when  the  disease  is  more  widespread,  affecting  prac- 
tically all  the  cattle  of  the  country.  In  some  instances,  however, 
the  people  used  the  milk  after  pasteurization,  thus  avoiding  the 
possibility  of  infection,  or  the  milk  was  discarded  after  having  been 
rendered  harmless  by  the  addition  of  formalin. 

Foot-and-mouth  disea.se  has  only  made  its  appearance  in  the 
Ignited  States  on  the  above-mentioned  occasions,  having  always  been 
introduced  from  some  foreign  country.  Its  spread  among  cattle  is 
\ery  rapid,  owing  to  the  highly  infectious  ciiaracter  of  the  virus, 
but  fortunately  every  outbreak  upon  American  soil  lias  tints  far 
been  quickly  followed  by  its  total  suppi-ession. 

Tiie  method  of  eradicating  the  outbreaks  in  1902  and  1908  con- 
.sisted  in  tiie  rigid  (|uarantine  of  all  infected  premi.ses  and  tiie  animals 
upon  tliem.  in  siatightering  the  diseased  and  exposed  animals  at  the 
earliest  practical)le  moment,  and  in  thoroughly  disinfecting  the 
stables  and  tlie  contents  of  the  buildings  in  which  they  had  been 
sheltered.  In  this  manner  the  di.sease  was  confined  in  both  out- 
breaks to  !)ut  foiu'  States  and  was  completely  eradicated  ii\  a  com- 
paratively short  time  in  each  instance. 

The  causative  agent  of  this  disease  has  not  been  isolated,  although 
lutmerous  attempts  ha\'e  been  made  to  cultivate  and  stain  it.     The 
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experiments  of  Loeffler  ii^  Fioscli  in  1898  have  shown  that  tlie  vim 
will  pass  through  the  finest  Chamberland  filter,  thus  indicating  it- 
ultraniicroscopic  size  and  the  reason  it  has  not  been  detected  In 
staining  methods.  They  inoculated  experiment  animals  with  thi;- 
filtrate  free  from  all  indications  of  bacterial  growth  and  transmitted 
the  disease  through  a  series  of  animals.  These  results  have  since  been 
confirmed  by  other  investigators.  Observations  Avhich  have  been  made 
upon  the  viability  of  this  filterable  virus  led  to  the  conclusion  that 
the  contagion  is  quite  readily  destroyed,  and  milk  which  has  been 
pasteurized  for  the  elimination  of  tubercle  and  typhoid  bacilli  will 
not  prove  capable  of  transmitting  the  disease  to  persons  or  animal - 
fed  with  it.  Experiments  which  ha^e  been  made  in  recent  yeai 
proved  that  the  contagion  will  lose  its  virulence  after  fifteen  minutes 
exposure  at  50°  C.,  by  being  heated  for  ten  minutes  at  70°  C..  while 
exposure  to  100°  C.  destroys  it  at  once. 

The  following  disinfectants  will  destroy  the  A'irus  in  one  hour: 
Ordinary  whitewash;  1  per  cent  solution  of  carbolic  acid:  3  per  cent 
solution  of  soda,  and  1  per  cent  solution  of  muriatic  acid. 

On  the  other  liand,  the  resistance  of  the  virus  to  the  influence  of 
low  temperatures  is  quite  marked,  and  the  infected  lymph  will  retain 
its  activity  for  at  least  a  month  when  placed  in  a  refrigerator,  while 
exposure  to  a  temi^erature  of  minus  48°  C.  for  about  three  hours 
did  not  destroy  its  virulence.  Infectious  milk  thi"ee  or  foui'  days 
old,  after  having  turned  sour,  or  milk  to  which  rennet  has  been  added, 
is  not  capable  of  transmitting  the  contagion  In  fresh  cattle  or 
swine  manure  the  infectious  nuiterial  is  very  soon  destroyed  at  a 
depth  of  over  1  foot,  owing  to  the  heat  developing  therein  in  conse- 
quence of  decomposition  and  reaching  about  70°  C. 

The  exj^eriments  which  have  been  made  in  Denmark  and  Germany 
indicate  that  the  form  of  pasteurization  recommended  in  article  -20 
of  this  bulletin  is  undotibtedly  sufficient  to  kill  tlie  infectious  prin- 
ciple of  foot-and-mouth  disease. 

ACTINOMYCOSIS. 

Tills  disease,  while  not  a(  all  infre(]uent  in  the  maxillary  regions  of 
c,a(tle,  is  (luite  rarely  locateel  in  the  udder.  It  is  readily  mistaken 
for  tuberculosis,  owing  to  the  diffuse  lesions  and  the  character  of  the 
pus.  AVhile  no  known  case  of  actinomycosis  in  man  has  been  traced 
to  the  milk,  it  is  nevertheless  advisable  to  condemn  the  milk  from 
an  infected  udder,  especially  since  the  virus  of  the  disease  in  man,  in 
most  cases,  has  been  found  to  enter  the  body  through  the  alimentary 
canal.  Furthermore,  there  is  usually  in  actinon\ycosis  a  mi.xed  in- 
fection with  pus-producing  cocci,  which  emphasizes  the  necessity  for 
prohibiting  the  use  of  the  milk  from  such  udders. 
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BOTKYOMYCOaiS. 


Botrvomycosis  of  the   udder  is  only  occasionally  met  with    bn 
1    n   nsobserved  the  utilization  of  the  milk  therefrom  should  not 
,  permitted.     The  disease  is  chronic  and  is  ---"l-"-^^"^;^ 
,„aeccive  tissue  formation  and  burrowing  sinuses  from  which  pu^ 
p^       Mixed  infection  is  liable  to  occur  in  this  disease  also,  which 


ilds  to  the  danger  of  consuming  the  milk 

ANTHRAX. 


In  this  disease  the  milk  has  an  abnormal  appearance  and  decom- 

„.,    s  i^pidlv.     The  bacterium  of  anthrax  has  been  recovered  from 

'tween  days  after  it  had  been  taken  from  an  infected  cow, 

;;  hidi  miSates  ihe  importance  of  prohibiting  the  use  of  milk  from 

-iich  animals. 

COWPOX. 

This  disease  which  is  probably  becoming  more  common  in  this 
....X  end  s  the  milk\infit  for  food,  and  its  distribution  from 
rf  ^'Xted  should  not  be  permitted,  inasmuch  as  the  mdk  may 
U.come  contaminated  from  the  pustules  and  ulcers  -  ^  je  te.  s  a  d  n 
the  sinuses  of  the  udder,  and  produce  infection  by  the  alimentary 
canal  of  young  children  if  it  is  consumed  m  a  raw  state 

Tl  e     liear^nce  of  dark-brown  crusts  on  the  teats  and  udders  of 

catte  is  suggestive  of  several  conditions  and  should  be  carefully  ex- 

imined    parlicularlv  since  the  isolation  by  Dean  and  Todd  of  an 

Z^^^^^^  -^^^^  ^1-  Klebs-Loeffler  bacillus  ^- ^^^- 

ns  well  as  from  the  milk.     Diphtheria  is  not  a  disease  of  cattle,  but  it 

s  po    iSe  for  an  abrasion  to  become  infected  with  this  organism 

rom      himan  origin  and  the  local  lesion  to  spread  until  it  involve 

iemUk  sinuses.     It  was  also  suggested  that  this  udder  lesion  migh 

t^  due  to  an  infected  milker  following  the  all  too  common  habi    of 

^.itt^ng  on  his  hands  before  commencing  to  milk,  and  the  bacillus 

passing  up  the  milk  duct  might  thereby  infect  the  sinus. 


RABlf;S. 


The  virus  of  rabies  has  in  several  instances  been  -P-t-J^;;^;^ 

dell  ;ef  It  it  nevertheless  important  to  realize  the  danger  of  using 
sulh  milk  and  the  necessity  for  preventing  calves  from  sucking  such 


diseased  cows. 
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MAMMITIS.    jIASrni.S,    OR    (JARCiET. 

This  disease  or  series  of  diseases  of  tlie  udder  is  by  far  the  most 
frequent  altei'ation  noted.  Usually  only  ( ne  quarter  is  att'ected. 
although  the  whole  udder  naay  at  times  be  involved.  The  affected 
parts  are  greatly  swollen  and  more  or  less  painful  in  the  early  stages. 
The  milk,  at  first  normal  in  appearance,  soon  changes  its  charactei-. 
becoming  watery,  light  brown  in  color,  and  in  some  cases  contain^ 
flocculi  and  j^us  cells,  and  appears  tenacious,  slimy,  or  ropy.  The 
cause  of  this  condition  is  usually  a  streptococcus,  although  staphylo- 
cocci are  frequently  incriminated  in  suppurative  conditions  of  the  J 
udder,  especially  where  abcess  formation  occui's.  The  milk  from 
such  an  udder  is  objectionable  from  an  esthetic  standpoint  and  is  also 
liable  to  give  rise  to  gastro-intestinal  disorders,  especially  in  children. 
Such  milk  should  be  jirohibited  until  the  infianunatory  condition 
entirely  disapjjears. 

LEUCOCYTES   IN    MILK. 

The  number  of  leucocytes  in  milk  and  their  significance  are  receiv- 
ing the  serious  attention  of  those  bacteriologists  who  are  striving  for 
a  jjurer  milk  supply.  The  question  as  to  what  number  of  leucocytes 
should  be  regarded  as  abnormal  is  still  the  subject  of  investigation, 
but  the  opinions  of  contemporaneous  workers  are  becoming  more  uni- 
form as  the  methods  for  the  determination  of  these  leucocytes  are 
reaching  greater  perfection.  Previously  it  was  considered  that  but 
few  leucocytes  were  contained  in  the  milk  of  healthy  cows,  and  when 
a  certain  increased  number  of  leucocytes  were  observed  in  milk  it  was 
suggestive  of  intiamination  of  the  udder,  termed  mammitis  or  garget. 
As  the  milk  in  this  disease  may  contain  pus  without  changing  the 
appearance  of  the  product,  such  milk  may  readily.be  accepted  by  the 
consumer  as  normal.  It  is  therefore  of  importance  to  be  able  to 
designate  the  cows  and  the  milk  so  affected,  especially  as  the  causative 
agents  of  this  condition  are  nucrococci,  which  likewise  produce  intes- 
tiruil  disorders  when  consumed  by  infants.  Even  when  the  udder 
inflannnation  is  slight  an  increase  in  the  number  of  leucocytes  se- 
creted in  the  milk  may  be  observed,  and  it  was  the  recognition  of  this 
fact  which  has  caused  the  introduction  of  microscopic  examination 
of  the  milk  for  the  determination  of  tlie  presence  or  absence  of  garget. 
However,  witli  the  technique  at  present  em])Ioved  in  the  numerical 
determination  of  leucocytes  there  is  too  narrow  a  margin  between  the 
leucocytes  found  in  the  milk  of  healthy  and  (hose  in  diseased  cows  to 
make  this  form  of  diagnosis  sa(isfactt)ry  and  practicable.  This  is 
particularly  tiue  of  milk  fi'ou)  healthy  cows  during  the  first  week  of 
lactation,  although  at  this  time  the  normal  increase  of  leucocytes 
would  be  accoinjjanied  by  colostrum  corpuscles.     While  the  several 
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not  hods  recommended  by  different  investigators  are  not  directly  com- 
la  ruble,  it  is  nevertheless  evident  that  an  entire  lack  of  harmony 
\ists  at  present  among  them  which  makes  the  reliability  of  one  or 
iiore  of  the  methods  at  least  doubtful.  The  Doane-Buckley  and 
I  lommsdorff  methods  are  probably  the  most  preferable,  but  neither 
i!'  these  is  perfect  and  should  not  be  depended  on  per  se  for  the  deter- 
iiiiiation  of  udder  inflammations  by  the  examination  of  market  milk 
:  even  the  mixed  milk  of  a  herd. 

Ivecently  Russell  and  Hoffmann  "  have  presented  an  improvement  in 
llir  technique  for  determination  of  the  leucocyte  content  of  milk. 
Tlieir  expermients  show  that  many  leucocytes  are  not  I'ecovered  in  the 
-1  iliment  after  centrifiigalization  by  the  usual  methods,  and  that  it  is 
ii;  -cssary  to  heat  the  milk  to  a  point  where  the  creaming  power  is  so 
i;ivatly  diminished  as  to  alter  the  jjhysical  arrangement  of  the  fat 
ijloliules.  In  this  manner  practically  all  the  leucocytes  which  were 
Miiieshed  are  liberated  and  thus  enabled  to  be  thrown  down  and 
i  ■'  iivered  in  the  sediment.  These  observers  used  the  Doane-Buckley 
'piantitative  method  with  milk  which  had  been  heated  momentarily 
a  I  70°  C.  and  obtained  a  count  which  was  in  some  cases  as  much  as 
fiMir  times  greater  than  that  secured  from  the  same  lot  of  milk  im- 
li  ated.  This  increase  is  usually  so  marked  that  it  is  far  beyond  the 
limits  of  analytical  error,  and,  furthermore,  such  error  is  reduced  to  a 
iiiiiiimum  by  this  method  of  determination.  These  experiments  have 
"|H'ued  uj)  an  interesting  line  of  investigation,  and  the  limits  of  lactic 
I'  iicocytosis,  which  have  been  adoi^ted  by  some  States,  based  upon  the 
"M  standards,  must  be  modified  accordingly.  Since  it  has  been  found 
iliat  the  heating  of  milk  is  absolutely  essential  in  obtaining  a  some- 
\\  hat  definite  idea  of  the  number  of  leucocytes  in  milk,  and  inasmuch 
as  this  improvement  in  the  technique,  which  is  as  necessary  as  any 
other  part  of  the  process,  results  in  a  much  higher  count  than  has 
heretofore  been  observed  in  any  of  the  previously  described  methods, 
it  is  evident  that  there  must  be  a  higher  leucocyte  standard  applied 
for  judging  milk  than  has  obtained  in  the  past.  Milk  inspection  may 
be  greatly  benefited  by  the  establishment  of  some  rational  standard 
for  tile  leucocyte  content  of  milk,  but  more  study  must  be  given  to  this 
sui>ject  in  order  to  oijtain  the  desired  knowledge. 

(i.\STH(i-KNii:i!rris. 

The  milk  of  cows  affected  with  gastro-enteritis  is  of  an  abnormal 
character,  being  watery,  of  bitter  taste,  and  changes  quickly  to  a 
"  sweet  curdle."  This  milk  is  liable  to  produce  digestive  disturbances 
ill  the  consumer  and  should  not  be  utilized. 

"American  .lournul  of  Tublif  Hygiene,  p.  285,  August,  190.S. 
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MliAi  SICKNKSS. 


A  rather  peculiar  disease,  called  "  milk  sickness,"  is  found  in  the 
central  part  of  the  United  States,  where  it  at  times  occurs  as  an  epi- 
demic among  cattle  and  people.  In  cattle  the  first  indication  of  dis- 
ease is  dullness,  followed  by  violent  trembling  and  great  weakness, 
which  increases  during  the  succeeding  day  until  the  animal  becomes 
paralyzed  and  dies.  Through  the  ingestion  of  flesh,  milk,  or  dairy 
products  of  an  affected  animal  the  disease  is  transmitted  to  man  or  to 
another  animal,  and  attacks  23roduced  in  this  way  most  frequently 
prove  fatal.  In  man  the  disease  develops  with  marked  weariness, 
vomiting,  retching,  and  insatiable  thirst.  Respirations  become  la- 
bored, peristalsis  ceases,  the  temperature  is  subnormal,  and  the  patient 
becomes  apathetic.  Paralj^sis  gradually  follows  and  death  takes  place 
quietly  without  rigor  mortis. 

Many  efforts  have  been  made  to  elucidate  the  question  regarding 

the  nature  and  cause  of  this  disease,  but  although  many  theories  have 

been  discussed  none  of  them  has  so  far  been  generally  accepted.    Some 

investigators  hold  that  the  disease  is  of  micro-organismal  origin,  some 
.    .  ...  . 

that  it  is  due  to  autointoxication,  while  others  think  it  is  caused  by 

vegetable  or  mineral  poisons.     All  seem  to  agree,  however,  that  the 

disease  is  limited  to  low,  swampy,  uncultivated  land,  and  that  the 

area  of  the  places  where  it  occurs  is  often  restricted  to  one  or  a  few 

acres.    Furthermore,  when  such  land  or  pastures  have  been  cultivated 

and  drained  the  disease  disappears  completely. 

The  discovery  of  a  new  focus  of  this  disease  in  the  Pecos  Valley 
of  New  Mexico  in  November,  1907,  gave  Jordan  and  Harris "  the 
opportunity  of  studying  this  peculiar  affection  by  modern  bacterio- 
logical methods.  As  a  result  they  have  succeeded  in  isolating  in 
pure  cultures  from  the  blood  and  organs  of  animals  dead  of  this  dis- 
ease a  spore-forming  bacillus  which  they  name  ^^Bdrillns  lactimorhi.''^ 
With  this  bacillus  they  have  reproduced  in  experiment  animals  the 
symptoms  and  lesions  peculiar  to  milk  sickness  or  trembles,  and  from 
these  animals  the  same  organism  has  been  recovered  in  purity.  It 
therefore  appears  to  have  been  demonstrated  that  flie  bacillus  in 
question  is  the  actual  cause  of  the  disease.  As  Jordan  and  Harris 
have  already  indicated,  more  comprehensive  studies,  based  on  a 
larger  supply  of  material,  are  desirable  in  order  that  the  many  ob- 
scure and  mystifying  features  connected  with  the  etiology  of  this 
rapidly  disappearing  disease  may  be  elucidated. 

From  the  above  facts  it  seems  evident  that  milk  sickness  is  an 
infectious  disease  communicable  to  num,  and  the  cattle  owners  should 

o  The  .loiinml  of  the  .Vmeriaiu  Medical  Association,  Vol.  L,  No.  21,  May  23, 
lllOS. 
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herefore  not  he.  pei-mitted  to  make  use  of  tlie  meat  or  milk  of  atfeeted 
;iiimals  for  human  consumption." 

I  SEPTir   OR    KEBRILE    CONDITIONS. 

The  presence  in  the  dairy  of  cows  affected  with  such  septic  condi- 
tions as  puerperal  sepsis,  septic  metritis,  diffuse  phlegmon,  suppura- 
tive wounds,  and  extensive  ulcerations  constitutes  a  grave  danger  to 
ihe  milk  supply,  inasmuch  as  the  milk  may  become  infected  with  the 
[Ills-producing  organisms,  among  which  the  streptococci  are  capable 
I'F  causing  enteritis  in  man.  The  milk  of  cows  suffering  from  febrile 
I  uiiditions,  especially  when  associated  with  sepsis,  should  also  be 
ixriuded.  In  the  case  of  small  single  wounds  which  cease  to  sup- 
piirate,  the  milk  may  be  used  without  danger,  jiroviding  the  teats  and 
udder  are  well  cleaned  before  each  milking. 

ABNORMAL  APPEARANCE   AND   CONDITIONS   OF   MILK. 

The  udder  acts  as  a  natural  emunctorv,  like  the  kidney,  and  in 
rdusequence  of  its  natural  selective  powers  certain  active  principles 
<  iiutained  in  various  foods,  drugs,  and  poisons  are  eliminated  thereby. 

SLIMY,   STRINflY,  OR  HOPY   MILK. 

These  conditions  of  the  milk  are  not  an  uncommon  occurrence  and 
-•iinetimes  are  produced  by  a  diseased  condition  of  the  udder  of  the 
row,  although  in  the  majority  of  cases  these  abnormal  appearances  of 
milk  are  caused  by  various  kinds  of  bacteria  infecting  the  milk  after 
It  has  left  the  udder.  AAliile  this  altered  milk  may  be  perfectly 
wholesome,  it  is  nevertheless  unpalatable,  and  most  consumers  in  this 
1  oiintry  would  rather  do  without  than  drink  such  material. 

BITTER   MILK. 

This  condition  in  the  milk  is  second  in  importance  only  to  the 
slimy  milk  and  causes  much  trouble  to  the  dairyman.  Bitter  milk 
may  originate  from  two  different  sources.  The  first  source  is  de- 
pendent upon  the  cow,  while  the  second  is  due  to  the  growth  of 
bactei-ia  in  the  milk  after  it  has  been  drawn  from  the  animal.  The 
difference  between  these  two  clas,ses  of  bitter  milk  is  that  the  first 
lias  a  decidedly  bitter  taste  wiien  freshly  drawn,  while  the  second 
class  is  sweet  when  taken  from  the  cow,  but  the  bitterness  occurs  after 
standing  for  a  shoi't  time  and  increases  in  intensity.  Only  the  former 
will  be  dealt  with  here.    Bitter  milk,  when  produced  in  the  cow,  may 

"  For  further  discussion  of  this  subject  see  article  No.  6,  this  buUetiu,  by  Dr. 
G.  W.  McCoy, 
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result  from  improper  feeding  with  such  herbs  as  hipines,  wormwood, 
etc.,  or  with  raw  Swedish  turnips,  cabbages,  etc.  Bitter  milk  may 
also  be  observed  during  the  late  stage  of  lactation  and  has  followed 
the  infection  of  teat  ducts  with  bacteria  which  act  on  the  proteids  m- 
aii  enzyme,  converting  them  into  peptones  and  other  products  to 
which  the  bitter  taste  is  probably  due. 

COLORED     3IILK. 

Red  milk  may  be  produced  by  the  etfect.s  of  bacteria,  but  is  usually 
the  result  of  mixture  of  blood  with  the  milk,  due  to  an  abrasion 
of  the  udder  or  teats  or  to  some  other  traumatism  of  the  udder.  It 
may  also  be  due  to  the  cow  eating  material  containing  a  large  amount 
of  silica,  as  sedges,  rushes,  etc.,  or  to  plants  containing  red  pigment, 
as  madder  root.  Other  plants  which  are  said  to  impart  color  to 
milk  are  alkanet,  field  horsetail,  meadow  saifron,  and  knot  grass. 
Bucilhis  cyanogenes,  the  cause  of  blue  milk,  at  times  gets  into  the 
udder  through  the  milk  ducts  and  leads  to  a  bluish  di.scoloration  of 
the  secretion. 

TASTE    AND    ODOR. 

The  flavor  of  milk  is  very  readily  affected  by  the  character  of  the 
feed,  as,  for  instance,  by  turnips,  garlic,  wild  onions,  moldy  hay  and 
grain,  damaged  ensilage,  and  distillerj'  grain.  The  latter  is  said  to 
cause  hyperaciditj'  of  the  urine  and  consequent  eczema.  AVith  j)roper 
precautions,  however,  these  substances  can  be  fed  to  dairy  cattle  with- 
out producing  ill  effects  in  the  milk.  The  deleterious  substances  ex- 
creted with  the  milk  are  usually  volatile  oils  contained  in  the  food. 
They  are  found  in  the  milk  as  well  as  in  the  body,  generally  in  the 
largest  quantity  during  the  digestion  of  the  food  containing  them. 
l)eing  eliminated  rapidly  through  the  various  excretory  channels. 
Thus,  if  these  substances  are  fed  eight  or  ten  hours  before  milking, 
or  if  cattle  in  the  spring  are  removed  from  the  pastures  containing 
garlic  this  l(>ngth  of  tinu>  before  milking,  there  will  be  little  or  no 
danger  of  contaminating  the  milk.  Overkept.  fermented,  and  soured 
feeds  tend  to  ])roduce  iu'idity  and  other  changes  in  the  milk.  Swill, 
spoiled  gluten  meal,  and  ensilage  put  up  too  green  are  all  more  oi- 
less  injurious  to  milk.  Distillery  swill,  in  addition  to  the  bad  flavoi- 
which  it  gives  the  milk,  may  cause  the  secretion  of  small  quantities 
of  alcohol  in  the  fluid.  That  such  alcoholic  milk  is  deleterious  to 
children  as  well  as  to  the  calves  and  lambs  fed  on  it  is  a  well-known 
and  accepted  fact. 

Milk  is  also  modified  very  sensibly  by  the  use  of  certain  medicines. 
and  the  list  of  drugs  which  are  excreted  in  the  milk  and  give  it  an 
abnormal  odor  or  flavor  or  render  it  deleterious  to  the  consumer  is 
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niic  lengthy.  Among  the  more  important  may  be  mentioned  opium. 
li  \()hitile  oils,  purgative  salts,  rhubarb,  arsenic,  mercury,  lead,  zinc, 
mil.  creolin,  scammony,  iodin,  potassium  iodid,  antimony,  bismuth. 
iiiiinonia,  and  certain  acids. 

i 

I  POISONOUS   MILK. 

Toxic  properties  may  be  manifested  in  the  milk  of  cows  that  have 
iiicMi  certain  poisonous  plants.     Thus  poison  ivy   {Rhii.s  to.civoden- 

/,  'III )  produces  a  condition  in  cattle  during  which  the  milk  is  capable 
1 1  producing  in  the  consumer  severe  gastro-intestinal  symptoms  with 

weakness.     Leaves  of  the  common  artichoke  are  also  said  to  produce 

ii'itiun  toxic  properties  in  the  milk  which  result  in  abdominal  pains 

:!iiil  diarrhea  in  the  person  consuming  it. 

(;OU)STRlIiM. 

Milk  should  not  be  used  within  fifteen  days  of  parturition  or  dur- 
ing: the  first  five  days  after  parturition.  All  cows  should  be  dried  off 
a  I  least  fifteen  days  before  calving,  not  only  for  the  sake  of  the 
aiiiinal,  but  also  on  account  of  the  poor  quality  of  such  milk  at  that 
mill'.  This  milk  before  and  after  parturition  is  called  "colostrum," 
and  is  a  yellow,  vi.scid  fluid  of  a  strong  odor,  bitter  taste,  and  acid 
reaction.  The  ingestion  of  such  milk  is  liable  to  produce  diarrhea, 
colic,  and  other  digestive  disturbances. 

RECOMMENDATK  )NS. 

Ill  \iew  of  the  facts  aljove  ('numerated  the  following  recommenda- 
tions are  made  as  a  basis  for  laws  and  for  regulations  bj'  public  health 
officers : 

1.  That  all  cows  on  dairy  farms  producing  milk  for  nuirket  pur- 
l)oses  be  tagged,  tattooed,  or  otherwise  marked  for  identification. 

•J.  That  all  milk  produced  on  such  dairy  farms  shall  either  come 
from  (ubei'culin-tested  cattle,  which  shall  be  retested  at  least  once  a 
year,  or  be  sid)jected  to  pasteurization  luider  the  supervision  of  the 
health  authorities  in  case  the  herd  is  not  tuberculin  tested. 

'■).  That  no  additions  to  any  herd,  whether  the  hei'd  has  been  tested 
or  not,  shall  be  ma(Ve  in  the  future  without  subjecting  the  additional 
cattle  to  tiie  luberculin   lest. 

4.  Thai  no  license  for  the  sale  of  niill<  shall  in  future  Ik'  granted 
except  to  applicants  liaving  herds  free  of  tuberculosis. 

.0.  That  the  milk  of  cattle  showing  any  of  the  udder  affections 
aliovc  Micntioiied,  or  anthrax,  rabies,  gastro-enteritis,  septic  condi- 
liiiii;-,  or  clinical  symptoms  of  tuberculosis,  shall  not  be  utilized  as 
huiiian   I'dod.  ex  en  tliongli  tlic  milk  l)e  pasteurized.     Milk  from  cows 
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fifteen  days  before  and  five  days  after  parturition  and  that  from 
animals  receiving  any  of  the  deleterious  medicaments  or  foodstuffs 
previousljf  mentioned  shall  likewise  be  excluded. 

6.  That  veterinary  inspectors  of  the  health  department  make  fre- 
quent visits  to  dairies  having  untested  herds,  in  order  that  they  may 
discover  all  advanced  cases  of  tuberculosis,  or  udder  tuberculosis,  as 
early  as  j^ossible. 

7.  That  the  various  States  pass  laws  granting  an  appropriate  in- 
demnitj'  to  all  owners  of  tuberculous  cattle  which  come  under  their 
respective  jurisdiction,  the  said  animals  to  be  slaughtered  in  abattoirs 
having  Federal  or  other  efficient  inspection. 


15.  THE  IIELATION  OF  THE  TUBEKCULOnS  COW  TO 
PUBLIC  HEALTH. 
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THE  RELATION  OF  THE  TUBERCULOUS  COW  TO  PUBLIC 
HEALTH. 


By   E.   C.    SCHROEDEB, 

rliitendent  Experiment  Station.  Bureau  of  Animal  Industry,  Department 
of  Agriculture. 


Under  the  conditions  of  our  present  civilization  the  dairy  cow  fills 
a  unique  place :  her  living  body  is  the  source  of  the  most  important  of 
all  human  foods ;  she  has  become  an  essential  factor  among  our  mod- 
ern institutions;  remove  her  and  either  a  substitute  must  be  found  or 
many  thousands  of  young  children  will  die  of  starvation.  Tlie  woman 
who  can  feed  her  infant  at  her  own  breast  until  it  is  old  enough  to 
thrive  without  milk  is  nearer  the  exception  than  the  rule,  so  that 
either  the  cow  or  some  other  milk-producing  animal  must,  as  a  sheer 
necessity,  be  available  to  serve  the  purposes  of  a  human  foster  mother. 
After  children  have  passed  the  period  during  which  milk  is  a  requi- 
site article  of  food,  most  of  them  continue  its  use  as  a  beverage  and 
add  butter  to  their  diet  as  a  second  product  from  the  cow.  Later  on 
cream  and  cheese  are  added,  and  the  use  of  milk  to  some  extent  as  a 
beverage,  and  of  cream,  butter,  and  cheese  as  regular,  current  articles 
of  food,  is  continued  to  the  end  of  life.  Hence,  even  if  we  ai'e  not 
greatly  influenced  by  the  idea  that  it  is  disgusting  and  barbarous  to 
eat  substances  that  are  obtained  from  the  living  bodies  of  diseased 
cows,  we  must  feel  that  it  is  important  to  make  a  careful  inquiry  re- 
garding the  transmissibility  to  ourselves,  through  the  use  of  dairy 
products,  of  the  commonest  disease  with  which  dairy  cows  are  af- 
fected. The  need  for  this  inquiry  is  emphasized  by  the  knowledge 
that  the  commonest  and  most  important  disease  of  cows  is  also  the 
commonest  and  most  important  disease  of  mankind,  and  by  the  fact 
that  though  the  disease  in  question,  tuberculosis,  is  one  of  the  few  in- 
fections diseases  to  which  widely  different  species  of  animals  are  sus- 
ceptible, its  commonest  victims  are  persons  and  dairy  cows. 

The  indispensable  cause  of  tuberculosis  is  the  multiplication  of 
tubercle  bacilli  in  the  animal  body.  Bacilli  do  not  grow  and  nuilti- 
ply  in  animal  bodies  until  they  have  been  introduced  into  them  from 
1414— Bull.  56—09 34  (529) 
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without,  and  tubercle  bacilli  grow  and  multiply  nowhere  else  in 
nature.  The  propagation  of  tuberculoMis  therefore  depends  upon  the 
tubercle  bacilli  tliat  emanate  from  the  bodies  of  tuberculous  individ- 
uals, human  and  animal,  and  the  widespread  and  common  occurrence 
of  tuberculosis  is  due  to  the  unguarded  and  dangerous  expulsion  and 
dissemination  of  tubercle  bacilli  by  the  victims  of  tuberculosis.  This 
is  tlie  basis  for  the  practically  unanimous  conclusion  among  those  who 
are  informed  on  the  subject,  that  in  our  fight  for  the  suppression  and 
eventual  eradication  of  tuberculosis  we  must  strive  to  control  and 
make  harmless  all  the  sources  from  which  tubercle  bacilli  are  scat- 
tered. 

As  persons  and  dairy  cows  are  the  commonest  subjects  of  tubercu- 
losis they  are  also  the  commonest  sources  from  which  tubercle  bacilli 
emanate,  and  as  the  exposure  of  persons  to  persons  through  the  ordi- 
nary routine  of  life,  and  the  exposure  of  persons  to  dairy  cows 
through  the  lifelong  use  of  dairy  products,  are  more  direct  and  inti- 
mate than  the  exposure  of  persons  to  other  possible  sources  of  tuber- 
culous infection,  we  may  conclude  that  the  two  most  important 
sources  of  tubercle  bacilli  against  which  public  health  must  seek  to 
defend  itself  are  tuberculous  j^ersons  and  tuberculous  dairy  cows. 
Of  these  two  sources  the  former  is  probably  the  more  important,  but 
only  little  can  be  said  about  it  here,  as  the  latter  is  the  subject  of  this 
article,  and  the  little  that  is  permissible  must  be  limited  to  the  infec- 
tion of  dairy  products  when  they  are  exposed  to  tuberculous  or  con- 
sumptive persons. 

Persons  affected  with  tuberculosis  of  the  respiratory  passages,  the 
lung,  throat,  etc.,  expel  tubercle  bacilli  with  their  sputum  and  with 
the  jjarticles  of  fluid  sjDrayed  from  their  mouths  and  noses  during 
accelerated  expiratory  acts.  Such  persons  are  not  necessarily  dan- 
gerous to  public  health  when  they  observe  a  number  of  simple  pre- 
cautions relative  to  the  disjwsition  of  the  infectious  material  they 
exj)el  from  their  bodies,  but  they  can  not  keep  their  environment 
sufficiently  free  from  tubercle  bacilli  to  make  it  a  safe  place  for  the 
exposure  of  food  that  is  to  be  eaten  by  others.  Dairy  products  are 
usually  eaten  in  a  raw  state;  that  is.  without  previous  exposure  to  a 
germicidal  process  like  cooking,  and  hence  it  is  especially  desirable 
that  they  should  not  be  handled  by.  and  should  not  be  exposed  in  the 
environment  of,  tuberculous  persons. 

The  expulsion  of  tubercle  bacilli  by  those  who  are  afl'octed  with 
tuberculosis  and  the  mode  of  its  occurrence  justify  the  enforcement 
of  health  regulations  that  will  exclude  all  tuberculous  persons  from 
serving  in  occupations  like  food  vendors,  cooks,  waiters,  milkers, 
creamery  employees,  butter  makers,  etc. 

.V  clear  conception  of  (he  danger  to  which  public  health  is  exposed 
through  liic  use  of  food  products  derived   from   tviberculous  dairy 
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li  I  (Is  requires  that  we  should  have  some  knowledge  on  the  following, 
-pccial  subjects,  which  will  be  discussed  in  order:  The  character  of 
nilierculosis  as  a  disease  of  cattle;  the  manner  in  which  tubercle 
lii  ■illi  are  exj^elled  by  tuberculous  cattle;  the  general  appearance  of 
I  licrculous  cattle  that  expel  tubercle  bacilli;  how  tubercle  bacilli 
li'iiu  cattle  get  into  milk  and  other  dairy  products;  the  virulence  and 
\  iiality  of  tubercle  bacilli  in  dairy  products;  the  proportion  of  tuber- 
I  iiloiis  cows  among  those  in  use  for  dairy  purposes;  and,  finally,  the 
iM nuency  with  which  dairy  products  have  been  proven  under  existing 
:  '>i!(litions  to  contain  tubercle  bacilli. 

THE   CHARACTER   OF   TUBERCULOSIS   AS   A   DISEASE    OF    CATTLE. 

Tuberculosis  of  cattle,  as  of  persons,  may  be  acute  and  rapidly 
progressive  and  run  its  course  quickly  from  infection  to  death.  This 
is  rare.  As  a  rule,  it  is  insidious,  chronic,  and  slowly  progressive,  and 
the  bodies  of  its  victims  are  able  to  adapt  or  adjust  themselves  to 
the  graduall}'  increasing,  destructive  changes  it  causes  until  quite 
extensive  harm  has  been  done  or  vitally  important  organs  have  be- 
come seriously  involved.  The  result  is  that  the  disease  may  be  jDres- 
ent  in  the  body  a  long  time  without  external  manifestations  of  its 
existence.  It  may  attack  any  part  of  the  body  singly  and  remain 
confined  to  it  or  it  may  attack  several  or  many  parts  simultaneously 
or  successivelj^  Its  favorite  location  in  the  bodies  of  cattle,  as  in 
those  of  persons,  is  the  lung. 

The  tuberculous  lungs  of  cattle  do  not  show  the  decided  cavity 
formation  seen  in  human  tuberculous  lungs,  but  cavities  in  direct 
communication  with  the  exterior  of  the  body  through  bronchial  tubes, 
more  or  less  completely  surrounded  by  heavy,  dense,  connective- 
tissue  walls,  are  common.  The  dissimilarity  of  the  lesions  in  the 
lungs  of  persons  and  cattle  are  no  doubt  the  result  of  normal,  anatom- 
ical difl'erences.  The  lungs  of  cattle,  unlike  those  of  ])ersons,  have 
vci-y  decidedly  outlined  lobules,  which  are  separated  from  each  other 
by  webs  of  loose,  elastic,  connective  tissue.  This  tissue  is  so  abundant 
that  it  admits  of  a  serous  and  cellular  infiltration  througli  which 
tlic  lobules  may  be  separated  from  each  other  as  nuich  as  a  sixteenth 
c.v  even  an  eighth  of  an  inch,  and  consequently  not  only  pulmonary 
Inherculosis,  but  most  lung  diseases  of  cattle  and  other  ruminants, 
have  a  special,  distinct  chai-acler. 

Tuberculosis  is  more  effectually  concealed  in  the  bodies  oi'  cattle 
llian  in  those  of  persons,  and  we  all  know  how  long  a  diagnosis  with 
])ersons  may  remain  in  doubt.  Perception,  or  the  faculty  of  receiv- 
ing imijressions,  is  keenest  where  the  nervous  system  has  the  higliesf 
<l('\('lopmeiit.  Persons,  tiiongh  tiieir  perccqition  of  pain  is  nuich 
keener  tlian  that  of  lower  animals,  complain  little  during  the  earlier 
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stages  of  tuberculosis,  because,  we  may  assume,  they  experience  little 
pain  or  distress.  Cattle,  with  their  lower  perception  and  compar- 
atively insignificant  means  to  exjjress  suffering,  do  not  complain  at 
all  because  of  the  pain  and  distress  tuberculosis  causes  them. 

The  frequency  with  which  tuberculous  subjects  cough  depends 
largely  upon  iiercejition,  or  sensations  in  their  lungs  and  throats 
that  iDrompt  them  to  cough.  Cattle,  shown  on  autopsj'  to  have  ex- 
tensive, advanced,  tuberculous  lesions  of  the  lung,  though  observed 
long  periods  of  time  before  their  death,  were  found  to  cough  only  a 
little  more  frequently  than  cattle  shown  on  autopsy  to  have  healthy 
lungs.  "Wlien  tuberculous  cattle  cough  it  is  usually  a  single,  accel- 
erated expiratory  effort,  or  at  most  two  or  three  such  efforts  in  suc- 
cession, which  is  sufficient  to  raise  the  material  that  has  accumulated 
in  their  larger  air  passages  far  enough  into  their  mouths  to  be  swal- 
lowed. Expectoration,  which  is  common  with  persons,  does  not  oc- 
cur, and  paroxysms  of  sustained  coughing,  also  common  with  per- 
sons, are  very  rare  and  occur  only  during  the  last  stages  of  pulmonary 
tuberculosis. 

The  bodies  of  all  animals  are  stronger  and  more  capable,  as  a  whole 
as  well  as  in  their  individual,  parts,  than  the  ordinary  vicissitudes  of 
life  require  them  to  be.  The  difference  between  the  actual  strength 
and  capability  and  that  ordinarily  required  is  known  as  the  factor 
of  safety.  The  rarety  interrupted.  j)lacid  routine  of  a  cow's  life 
enables  her  to  derive  full  benefit  from  the  factors  of  safety  in  her 
body  when  she  becomes  affected  with  a  slow,  chronic  disease  lilve  tuber- 
culosis, the  lesions  of  which  are  circumscribed  in  the  sense  that  they 
do  not  seriously  affect  parts  of  the  body  remote  to  those  in  which 
they  are  located;  hence  the  factors  of  safety  greatly  help  to  prevent 
tuberculous  disease  in  the  bodies  of  cows  from  showing  itself  by 
external  s3fmi:)toms.  An  example  of  this  is  seen  in  illustration  No.  15, 
wliich  shows  a  cow  affected  with  advanced  tuberculosis. 

The  tuberculous  disease  of  tlie  cow  represented  in  the  picture  is 
partly  located  in  the  glands  of  her  throat ;  the  enlarged  glands  press 
on  and  narrow  the  passage  through  which  air  reaches  her  lung  to 
such  an  extent  that  she  almost  dies  of  suffocation  when  she  is  driven 
a  short  distance  at  a  moderately  fast  walk.  The  general  condition 
of  the  cow  shows  that  the  opening  through  which  tlie  air  she  breathes 
nuist  pass  is  still  hirge  enough  for  ordinary  pui-poses;  the  difference 
between  its  original  and  its  present  size  is  a  factor  of  safely  that  has 
been  almost  wholly  lost. 

We  nniy  conclude  that,  with  few  exceptions,  (he  character  of  tuber- 
culosis anu)ng  cattle  is  tliat  of  an  effectually  concealed  disease,  the 
deteclioM  of  which  before  it  is  well  advanced  and  has  <lone  great 
lianii  is  ])rac(i('ally  impossible  throngh  the  agency  of  our  unaided 
powers  of  (jbsia-vatiou. 
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Fortunately  we  have  in  tlie  substance  known  us  "  tuberculin  '"  an 
excellent  agent  for  detecting  tuberculosis  in  cattle  when  all  other 
means  of  diagnosis  fail. 

THE  MANNER  IN  WHICH  TUBERCLE  BACILLI  ARE  EXPELLED  BY 
TUBERCULOUS  CATTLE. 

Examinations  made  at  the  experiment  station  of  the  United  States 
Bureau  of  Animal  Industry  showed  that  tuberculous  cows  expel 
tubercle  bacilli  more  conmionly  with  their  feces  than  in  other  ways." 
They  also  expel  them  with  the  material  drooled  and  slobbered  from 
their  mouths  during  feeding  and  I'uminating;  with  the  particles  of 
fluid  sprayed  from  their  mouths  and  noses  during  accelerated  expira- 
tory acts;  and  directl^^  with  their  milk  Avhen  their  udders  are  affected. 
Some  authorities  assert  that  tubercle  bacilli  are.  expelled  directly  with 
the  milk  when  the  udder  is  free  from  disease,  but  the  observations 
of  the  experiment  station  indicate  that  this  does  not  occur  unless 
cows  are  affected  with  otherwise  generalized,  advanced  tuberculosis. 

Milk  infected  directly  through  the  udder  is  exceedingly  dangerous, 
because  the  tubercle  bacilli  it  contains  are  numerous  and  of  the  fresh- 
est and  most  virulent  kind.  Prof.  V.  A.  Moore,  of  Cornell  Univer- 
sity, says: 

It  has  been  shown  from  all  examinations  that  have  been  reported  of  milk 
from  tuberculous  cows  that  about  15  per  cent  of  them  give  off  tubercle  bacilli 
with  their  milk  during  the  course  of  the  disease.  The  udders  show  tuberculosis 
in  about  2  per  cent  of  the  cases.* 

The  frequency  with  which  the  udders  of  tuberculous  cows  are 
affected  is  difficult  to  determine,  as  is  very  nicely  shown  by  the  obser- 
vations of  the  experiment  station.  For  a  period  of  about  ten  years 
only  1  per  cent  of  the  tuberculous  cattle  examined  were  found  to 
have  tuberculous  udders;  while,  on  the  other  hand,  among  the  tuber- 
culous cattle  examined  during  the  last  three  to  four  years  fulh'  G 
per  cent  were  found  with  tuberculous  udders.  The  jiercentage  given 
by  Professor  Moore  is  no  doubt  very  near  the  truth. 

Tlie  iHunber  of  tubercle  bacilli  expelled  from  the  mouths  and  noses 
of  tuberculous  cattle  is  probably  not  as  great  as  the  number  expelled 
under  ];)arallel  conditions  of  di.sease  from  the  mouths  and  noses  of 
(iiberculous  ])ers()iis,  because  cattle  cough  less  fretpiently  and  less  vio- 
lently and  do  not  spit.  The  tul)ei'cle  bacilli  that  are  expelled  with 
(be  feces  per  I'ertnm  have  their  origin  in  the  lung  more  conunonly 
than  elsewhere.  Tlicy  are  raised  into  the  mouth  and  swallowed  and 
on  their  way  thi'ough  the  intestinal  tract  become  evenly  mixed  witii 
(lie  material  that  is  ejected  as  feces  from  the  bowels.    The  result  is 

"Bureau  of  Animal  Industry  Bulletin  Xo.  Oi). 
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that  the  large  amount  of  feecs  jjussed  by  cows,  about  .'SO  poiuuls  per  j 
day  by  a  cow  of  average  size,  introduces  an  enormous  amount  of  infec- 
tious niatei'ial  into  their  environment  when  they  are  affected  with  , 
tuberculosis,  much  more  than  can  be  safely  and  economically  dis-  j 
posed  of  so  as  to  make  this  environment  a  proper  place;  for  the 
exposure  of  human  food. 

As  the  discovery  of  virulent  tubercle  bacilli  in  the  feces  of  tubercu- 
lous cattle  is  of  comparatively  recent  date,  and  as  some  harmless 
bacilli  closely  resembling  tubercle  bacilli  in  appearance  are  of  com- 
mon occurrence  in  and  about  stables  and  are  supposed  to  be  of  com- 
mon occurrence  in  the  feces  of  cattle,  it  is  desirable  to  outline  briefly 
the  evidence  on  which  the  occurrence  of  virulent  tubercle  bacilli  in 
the  feces  of  tubercidous  cattle  rests. 

First.  The  microscopic  examinations  of  the  feces  of  a  cow  that  was 
being  fed  small  amounts  of  tubercle  bacilli,  in  the  form  of  cultures 
added  to  her  drinking  water,  revealed  germs  precisely  like  tubercle 
bacilli.  The  cultures  of  tubercle  bacilli  fed  to  the  cow  were  of  a 
virulence  too  low  to  cause  tuberculosis  in  cattle.  The  test  of  the 
bacilli  in  the  feces  showed  that  the,y  were  virulent  for  guiiaea  pigs. 
This  exjjeriment  proved  that  tubercle  bacilli  can  pass  through  the 
entire  length  of  a  cow's  intestinal  tract  and  out  with  her  feces  without 
losing  their  pathogenic  virulence. 

Second.  Numerous  microscopic  examinations  made  with  the  feces 
of  tuberculous  cows  and  with  the  feces  of  healthy  cows,  stabled,  fed, 
and  generally  kept  under  precisely  the  same  conditions,  revealed  that 
the  feces  of  the  tuberculous  cows  contained  bacilli  like  tubercle  germs, 
and  that  the  feces  of  the  health}'  cows  did  not  contain  such  bacilli. 
With  the  excejition  of  a  few  cases,  the  tubercle  bacilli  were  not  a  con- 
stant factor  in  the  feces  of  the  tuberculous  cows;  their  occurrence 
varied  from  cases  in  which  they  were  found  with  every  examination 
to  cases  in  which  they  were  found  with  daily  examinations  only  oner 
every  two  to  three  weeks.  This  intermittent  character  of  (he  exi)ul 
sion  of  tubei-cle  l)acilli  in  the  feces  is  precisely  what  should  be  ex- 
pected, wlieii  we  l)(':ir  in  mind  that  the  bacilli  have  their  origin  in 
(lie  lung;  lliat  tuberculosis  in  the  lungs  of  cattle,  because  of  tlie 
al)iind;in(  interlobular  connective  tissue,  is  not  accompanied  by  free 
cavity  foi'uiation,  and  that  cattle  do  not  cough  as  freely  oi-  as  vio- 
lently as  persons  affected  with  lung  tubercidosis. 

Third.  (luinea  pigs  inoculated  with  small  masses  of  fresh  feces 
from  tuberculous  cows  that  were  passing  bacilli  like  tubercle  germs 
per  rectum  became  all'ected  with  tyi^ical,  geuernlizod.  fatal  tuber- 
culosis. 

Foui'tii.  Cuitui'es  made  IVoni  the  bodies  of  guinea  pigs  tiiat  suc- 
cuuil)e(l  to  tubercuh)sis  imlnccd  liy  the  inoculation  of  fresh  feces 
from   tuberculous  cows  were   found   to  lie  pure  cultures  of  tubercle 
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24.     SECTIONS    OF  THE    TUBERCULOUS    UDDER   AND    PUBIC    LYMPH    GLAND    OF  THE    COW 
SHOWN   IN    ILLUSTRATION   NO.   23. 
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26.     SECTIONS    OF  THE    UDDER   AND    PUBIC    LYMPH    GLAND  OF  THE 
COW  SHOWN   IN   ILLUSTRATION   NO.  25. 

The  numbers  denote,  1,  longitudinal  section  of  udder;  2,  trnnsverse 
section  of  udder;  and  3.  section  of  puljic  Iym])h  g.and.  Tlie  udder 
is  affected  with  a  diffuse,  very  acute  lutjercnlosis.  T'le  lymiili  ^liind 
is  many  times  its  normal  size,  and  tlioiigh  it  shows  no  wcll-miirked 
tuberculous  lesions,  fluid  expressed  from  it  was  found  on  microscopic 
examination  to  be  loaded  with  tubercle  bacilli. 


icilli,  and  such  jjure  cultures  were  proven  to  be  virulent  for  cattle. 
1  one  instance,  a  cow  inoculated  subcutaneously  with  a  culture  of 
lis  kind  became  affected  with  rapidly  progressive,  generalized  tuber- 
ilosis,  which  terminated  in  death  after  a  few  months. 
Fifth.  Hogs  fed  with  the  feces  of  tuberculous  cows  contracted 
epical  tuberculosis.  The  feces  were  collected  under  conditions  which 
isure  that  no  infectious  material  was  introduced  into  them  that  did 
ot  pass  from  the  bowels  of  the  cows. 

The  expulsion  of  tubercle  bacilli  by  cattle  per  rectum  with  their 
leces  is  one  of  the  most  important  causes  of  tuberculosis  among  hogs, 
s  we  may  judge  from  the  following  illustration,  which  represents  a 
lommon  farm  scene — a  herd  of  hogs  in  a  hog  yard  adjacent  to  a  cow 
liable.  The  cow  stable  contains  a  herd  of  tuberculous  cattle ;  the  cat- 
le  are  not  permitted  to  enter  the  hog  yard  and  the  hogs  are  not  per- 
nitted  to  enter  the  cow  stable  or  the  field  in  which  the  cows  pasture. 
More  than  half  the  hogs  that  remain  in  the  hog  yard  and  root  in  the 
manure  pile  contract  tubercidosis  within  six  months. 

The  relative  frequencj'  with  which  tuberculous  cows  expel  tubercle 
bacilli  per  rectum  has  not  been  accurately  determined.  Among  12 
cows,  collected  from  several  dairj'  herds  for  use  in  an  investigation 
in  which  a  number  of  apparently  healthy  tuberculous  cows  were 
required,  five,  or  41|  per  cent,  were  found  to  be  passing  tubercle 
bacilli,  intermittently,  per  rectum  with  their  feces.  Eighteen  months 
later  the  number  had  increased  to  ten,  or  83^,  per  cent;  that  is,  it  had 
doubled,  though  the  majority  of  the  cows  still  retained  their  ap- 
parently g(jod  condition  and  showed  no  marked  symptoms  of  tuber- 
culosis. The  feces  of  onh^  a  small  number  of  cows  that  had  been 
affected  M-itli  tuberculosis  three  years  or  more  have  been  examined ; 
they  were  all  found  to  be  passing  tubercle  bacilli  per  rectum. 

THE  APPEARANCE  OF  CATTLE  THAT  EXPEL  TUBERCLE  BACILLI. 

When  we  think  of  animals  alllicted  with  diseases  we  usually  j)icture 
them  to  our  minds  as  showing  distinct  variations  in  their  appearance 
and  demeanor  from  what  we  regard  as  healthy  and  normal.  Disease 
and  no  symptoms  is  almost  a  contradiction,  and  this  seeming  contra- 
diction and  truly  paradoxical  condition  is  one  of  the  important  facts 
about  tuberculous  cattle. 

As  no  descri])ti()n  can  define  the  appearance  of  an  animal  as  well 
as  a  photogi-aph,  the  following  iiiuslrations,  Nos.  17  to  2(),  inclusive, 
made  from  j^liotographs,  are  presented  to  show  the  frequently  ex- 
cellent, seemingly  healthy  condition  of  dangerously  tuberculous  cat- 
tle. It  iiuist  be  added  that  the  cattle  represent(;d  in  the  ]iictures  do 
not  cough  ;  (hey  have  excellent  appetites  and  no  visilile  and  no  audible 
res])ii'al(iry  didicnllic^;  in  all   resjjccts  they  act  like  heallliy  animals 
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and  perfect  harmony  exists  between  their  healthy  appearance  an 
their  heahhy  conduct.  It  is  only  when  the  tuberculin  test  is  appln 
to  them  that  their  tuberculous  condition  is  revealed,  and  it  is  only 
when  the  substances  that  are  eliminated  from  their  bodies,  feces, 
saliva,  milk,  etc.,  are  subjected  to  microscopic  and  other  tests  that 
the  proof  is  obtained  of  their  dangerous  character  for  public  health 
and  for  the  health  of  other  animals. 

Cattle  like  those  shown  in  the  illustrations  sui:)ply  the  best  proof  \m 
can  obtain  of  the  possibly  dangerous  character  of  dairy  cows  that  ari' 
not  specially  2:)roven  to  be  free  from  tuberculosis  by  a  careful  applica- 
tion of  the  tuberculin  test.  These  cattle  are  in  excellent  condition. 
Most  of  them  are  in  better  bodilv  condition  than  can  be  exjjected  of 
ideal  dairy  cows  that  give  large  quantities  of  milk.  The}'  show  no 
symiDtoms  of  disease  and  act  precisely  like  normal,  healthy  animals. 
A  cow  like  the  subject  of  illustration  No.  23  shows  that  cows  with 
tuberculous  udders  may  remain  undetected  until  the  tuberculin  test  is 
applied  to  them,  and  a  cow  like  the  subject  of  illustration  No.  25 
proves  conclusively  that  ap2:)arently  healthy  tuberculous  cows  may,  at 
any  time,  without  previous  warning,  suffer  an  acute  extension  of  the 
disease  with  which  they  are  affected  to  their  udders,  through  which 
their  milk  becomes  so  badly  infected  with  tubercle  Ijacilli  that  its  use 
in  a  raw  state  would  be  suicidal. 

We  may  conclude  that  the  general  appearance  of  tuberculous  cat- 
tle, until  the  disease  is  near  its  last  stages,  or  has  become  generalized, 
or  has  dangerously  encroached  on  vitally  important  organs,  is  like 
that  of  healthy  cattle,  and  that  the  visibly  good  or  bad  condition  of 
cattle  is  more  a  question  of  sufficient  feed  than  of  tuberculosis  in  its 
earlier  stages. 

There  was  a  time  when  veterinarians  believed  themselves  comiDetent 
to  diagnose  pulmonary  tuberculosis  of  cattle  in  its  earlier  stages  by 
physical  examination,  but  most  veterinarians,  more  particularly  thd-i' 
who  have  had  large  experience  in  the  examination  of  bovine  lungs  \>y 
means  of  ausculation  and  ])ercussion,  are  now  convinced  that  this  is 
rarely  jiossible.  Tlie  broad,  fiat  ribs,  the  thick  hairy  hide  over  the 
thorax,  the  transmission  of  sounds  from  the  intestinal  tract,  which  is 
enormously  largo  bocau.se  of  the  coarse  materials  ruminants  eat,  and 
the  romnion  location  of  tuberculous  disease  in  the  dorsal  portion  of 
tiic  liiiig  and  in  the  mediastinal  space,  where  it  can  not  be  detected  at 
all  from  without,  are  a  few  of  the  conditions  in  cattle  that  interfere 
with  tiie  satisfactory  a])j)lication  of  the  means  of  diagnosis  that  are 
of  high  value  when  they  are  applied  to  the  more  tractable  and  uuich 
smallci'  i)odios  of  pei'sous. 

In  looking  over  ijn'  picfnrrs  gi\cii  in  (his  article  it  is  desirable  that 
the  I'oailei-  slioiild  licar  in  mind  tiial  rui  special  effort  was  made  to  ob- 
tain pholograjilis  from  many  diilereni  sources  so  as  to  present  ex- 
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■i,'[)tional  conditions.  All  the  photographs  are  those  of  animals  that 
Wile  among  a  total  of  about  50  tuberculous  cattle  received  at  the  ex- 
|i(  liment  station  during  the  last  three  ^years,  and  among  this  total  of 
Ml  there  were  at  least  25  animals  that  could  well  have  been  used  to 
Illustrate  the  excellent  physical  condition  of  dangerously  tuberculous 
r, iile  and  about  40  that  could  have  been  used  to  illustrate  simply  the 
JH-althy,  normal  appearance  of  tuberculous  cows. 

As  all  persons  are  not  acquainted  with  the  miserable  appearance  of 
I  hi'  cows  from  which  a  large  part  of  the  public  milk  supply  is  de- 
1  i\ed,  and  as  it  will  serve  as  a  means  to  emphasize  by  comparison  the 
i'ii'(|uently  excellent  condition  of  seemingly  healthj'  but,  in  fact,  dan- 
licioiisly  tuberculous  cattle,  two  pictures  are  presented  which  show  by 
liii  means  the  thinnest  and  most  objectionable  kind  of  cows  actually 
i'niind  in  dairy  herds. 

HOW  TUBERCLE  BACILLI  EXPELLED  BY  TUBEBCULOUS  COWS  GET 
INTO  MILK  AND  DAIRY  PRODUCTS. 

It  has  been  shown  that  seemingly  healthy,  tuberculous  cows  expel 
1  nliercle  bacilli  directly  with  their  milk  and  at  one  end  of  their  bodies 
with  saliva  and  particles  of  food  and  at  the  other  end  with  feces. 
Consequently,  we  may  justly  conclude,  if  it  can  be  shown  that  the 
material  discharged  by  cattle  per  mouth  and  per  rectum  occurs  fre- 
quently as  a  contaminating  element  in  commercial  milk,  that  the  milk 
of  tubercidous  cows,  and  also  of  healthy  cows  that  are  stabled  and 
milked  together  with  tuberculous  cows,  will  often  be  infected  with 
tubercle  bacilli. 

In  one  of  the  publications  of  the  United  States  Public  Health  and 
Marine-Hospital  Service  the  following  statement  is  made  about  the 
milk  of  Washington,  D.  C.  which  is  no  worse  than  that  of  other  cities: 

III  addition  to  being  warm,  nuicli  of  the  milk  is  dirty.  Fifty-one  of  172 
samples  examined  showed  no  visible  deposit  in  tlio  original  container  after 
slanding  several  hours.  Fifteen  of  the  samples  contained  a  very  small  ;imotint 
of  dirt,  98  contained  a  small  amoniit  nf  dirt.  S  contained  nmch  dirt,  and  ] 
contained   (mouse'.')   feces. 

The  foreign  matter  (dirt)  when  examined  under  the  microscope  was  found  to 
consist  of  fecal  matter,  hairs,  epithelial  and  other  cells,  .straw,  bacteria,  and  all 
manner  of  extraneous  substances  (hat  liave  im  place  in  clean  milk." 

After  several  hours'  .standing  in  the  original  containers,  121  of  IT'2 
samples,  or  70  per  cent,  of  tlu'  kind  of  milk  that  reaches  the  consumer 
showed  a  visible  deposit  o!  diil.  wiiicii  was  found  on  microscopic 
examination  to  be  made  up  in  part  of  fecal  matter,  or  that  matter  in 
whicii  tnl)erciilous  cows  most  commonly  ex])ei  tiibei'cle  l)acilli. 

At  the  experiment  station  of  (lie  Cnited  States  Bureau  of  Animal 
Industry  a  large  mnnber  of  siimples  (d'  milk,  purchased  from  regidar 


"  Ilygleule  Laboratory  Bulletin  35,  p.  71. 
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city  milk  dealers  under  ordinary  market  conditions,  were  placed  in 
the  tubes  of  a  small  centrifuge  and  rotated  fifteen  minutes  at  the  rate 
of  2,000  revolutions  per  minute.  Every  sample  treated  in  this  way 
deposited  a  sediment,  and  microscopic  examinations  of  the  sediment 
revealed  that  !)8  per  cent  contained  particles  of  vegetable  matter 
identical  in  appearance  with  minute  fragments  of  bovine  feces. 

On  its  face  this  is  a  very  disgusting  condition,  but  it  is  unfortu- 
nately even  more  dangerous  than  its  superficial  appearance  indicates, 
as  the  solid  impurities  that  reach  the  consumer  in  milk  are  only  a  frac 
tion  of  the  total  solid  impurities  with  which  it  has  been  in  contact. 
Larger  masses  of  feces  and  other  larger,  solid  impurities  that  drop 
into  milk  or  are  splashed,  sj^rayed,  or  otherwise  introduced  into  il 
from  the  environment  of  cows  are  removed  by  the  straining  to  which 
it  is  subjected  Ijefore  it  is  poured  into  the  containei's  in  which  it  i> 
sold ;  hence  onl}^  those  solid  impurities  that  are  small  enough  to  pass 
through  the  strainer  are  found  when  samples  of  market  milk  a  if 
examined. 

'  What  this  means  relative  to  the  infection  of  milk  with  tubercle 
bacilli  when  it  is  obtained  from  or  in  the  environment  of  tuberculous 
cows  is  a  subject  on  which  it  is  hardly  necessary  to  enlarge.  No  firm 
union  exists  between  the  tubercle  bacilli  and  the  feces,  throughout  the 
entire  mass  of  which  they  are  evenly  disseminated.  The  bacilli  are 
present  in  an  easily  detached  condition;  they  are  probably  washed 
free  from  the  feces  that  finds  its  way  into  milk,  and  they  are  too  small 
to  be  removed  by  the  strainer.  In  a  test  made  regarding  this  matter 
it  was  found  when  guinea  pigs  were  inoculated  with  normal,  fresh 
milk  to  which  small  amounts  of  fi-esh  feces  from  tuberculous  cows  had 
been  added;  amounts  no  greater  than  commonly  fall  into  the  milk  pail 
during  ordinary  milking,  that  those  inoculated  after  the  milk  had 
been  strained  succumbed  to  tuberculosis  as  rapidly  as  those  inoculated 
with  (he  milk  before  it  was  sli'ained. 

That  the  solid  material  found  in  milk  as  sediment  can  not  be  taken 
as  M  (rue  uicasinf  (if  the  amount  of  solid,  foreign,  contaminating 
material  with  wliit'li  il  has  actually  been  in  contact  is  shown  by  the 
following  observation.  Anumg  the  samples  of  milk  examined  rela 
tivc  to  fecal  content  a  number  were  found,  with  little  or  no  vegetable 
sediment,  that  yiddcd  crcani  in  the  liilies  of  a  centrifuge  discolored 
precisely  like  the  crcan»  obtained  from  milk  to  which  unccmnnonly 
large  quantities  of  cow  feces  were  intentionally  added.  Such  milk, 
because  of  its  freedom  from  sediment  and  its  discolored  cream,  unist 
be  regarded  as  very  dirty  and  very  dangerous  milk  that  has  been 
exceptionally  well  strained. 

The  sjx'cific  gravity  of  tubercle  bacilli  is  higher  than  that  of  milk, 
and  hence  it  iloes  not  seem  unreasonable  to  suppose  that  they  can  be 
removed  from  it  by  sedimentation.     This  supposition  would  be  true 
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iiiillv  was  a  liomogenous  liquid  like  water  and  not  an  emulsion.     In- 

-ligations  niacle  to  determine  how  tubercle  bacilli  distribute  them- 

I\x's  in  milk  under  diii'erent  conditions  proved  that  they  adhere  to 

r  cream  globules  with  a  tenacity  that  can  not  be  broken  by  a  simple 

licrence  of  specific  gravit3',  even  when  this  difference  is  reenforced 

.   centrifugalization.     The  result  is,  when  milk  is  allowed  to  stand 

>i-  cream  to  rise,  or  when  cream  is  separated  from  it  rapidly  in  a 

■iitrifuge,  the  tubercle  bacilli,  when  thej'  are  present,  rise  as  abun- 

aiith'  with  the  cream  globules  as  they  gravitate  with  the  sediment 

lid  disappear  from  the  intermediate  layer  or  the  skim  milk,  which 

practically  a  homogenous  fluid.     This  holds  true  when  pure  cul- 

iiics  of  tubercle  bacilli  are  added  to  milk  and  also  when  the  bacilli 

11'  introduced  into  it  with  tuberculous  bovine  feces,  or  with  pus  from 

iilicrculous  abscesses,  and  when  they  are  present  because  of  tnber- 

nlniis  lesions  in  the  udder  of  the  cow  from  which  it  was  obtained. 

These  facts  almost  make  it  unnecessary  to  formulate  the  conclu- 
i'lii  that  cream,  obtained  from  tuberculous  milk,  measure  for  meas- 
Mv.  contains  more  tubercle  bacilli  than  the  milk. 

(ream  is  the  material  from  which  butter  is  made,  and  that  butter 
iiiiule  from  infected  cream  has  the  infection  transferred  to  it  was 
]ii(i\en  by  i-epeatedly  making  ))utter  from  infected  cream  and  test- 
in-  it. 

It  has  been  recorded  that  both  strained  and  unstrained  milk  to 
which  small  masses  of  feces  from  cows  affected  with  tuberculosis 
were  added  caused  tuberculosis  in  guinea  pigs.  Cream  from  such 
strained  and  unstrained  milk  also  caused  tiil)erculosis  in  guinea  pigs, 
and  butter  made  from  the  cream  of  such  strained  and  unstrained  milk 
likewise  caused  tuberculosis  in  guinea  pigs. 

^'isibly  affected  tuberculous  cows  and  cows  affected  Avitli  udder 
tuberculosis  are  no  doubt  a  serious  menace  to  public  health  when 
thcii'  milk  is  used  raw  in  one  foi-m  or  another  as  human  food,  but,  as 
dairymen  are  not  exceptionally  unscrupulous  persons  and  will  rarely 
sell  milk  from  a  visiijly  diseased  cow,  and  as  udder  tuberculosis 
among  cows  that  are  not  otherwise  visibly  diseased  is  rare,  we  may 
conclude  that  the  apparently  health}',  tuberculous  cow,  the  cow  that 
intei'mittently  exi)els  tubercle  bacilli  from  her  body  per  rectum  with 
her  feces,  is  the  most  important  tuberculous  danger  foi'  public  health 
that  has  its  origin  in  the  dairy  herd.  Such  apjiarently  harndess, 
iictiially  dangerous  cows  not  only  infect  their  own  milk,  but  also  the 
milk  of  the  other  cows  stabled  with  them,  and,  as  we  have  seen,  such 
infected  milk,  both  strained  and  unstrained,  equally  when  it  is  used 
as  a  beverage  or  as  cream  or  as  l>iitter  contains  live  virulent  tubercle 
bacilli. 
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THE  VIRULENCE  AND  VITALITY  OF  TUBERCLE  BACILLI  IN  DAIRY 
PRODUCTS. 

Less  than  ten  yes^ra  ago  tubercle  bacilli  were  grouped  for  nil 
practical  purposes  in  two  classes,  mammalian  and  avian,  or  those 
which  affect  man  and  other  mammals  and  those  Avhich  affect  bird.-. 
No  one  doubted  openly  that  bacilli  fi'om  cattle,  in  meat  and  dairy 
products,  were  as  injurious  for  man  as  those  derived  from  persons. 
Pulmonary  tuberculosis,  or  consumption  of  the  lungs,  was  then,  as 
now,  the  commonest  form  in  which  the  disease  manifested  itself, 
and  this  was  explained  by  the  assumption  that  the  bacilli  entered  the 
body  more  frequently  with  the  breath  than  in  any  other  way,  anil 
that  the  greatest  danger  of  infection  was  through  dried  and  pulver- 
ized tuberculous  material  that  floated  in  the  air  as  fine  dust. 

The  beginning  of  the  present  century  brought  a  change  of  views. 
Attention  was  called  to  the  fact  that  the  inhalation  theory  to  ac- 
count, for  the  frequent  presence  of  tuberculosis  in  the  pulmonary 
,  tissues  had  not  been  proven  and  that  living  tubercle  bacilli  in  dust 
were  difficult  to  find  or  could  not  be  found  at  all.  The  infectious- 
ness of  bacilli  fi'om  animals  for  man  was  questioned  and  the  inves- 
tigation of  tuberculosis  generally  was  given  a  fresh  impetus  through 
which  many  new  facts  and  theories  came  to  light. 

As  tubercle  bacilli  in  dairy  products  are  mainly  derived  from 
bovine  sources  and  enter  the  body  in  a  moist  state,  to  understand 
the  true  significance  they  have  for  public  health  we  must  give  some 
attention  to  the  infectiousness  of  tubercle  bacilli  from  bovine  sources 
for  man  and  to  the  ways  in  which  tubercle  bacilli  enter  the  bodies 
of  those  who  become  affected  with  tuberculosis. 

Since  Theobald  Smith  "  published  his  studies  on  different  varieties 
of  tubercle  bacilli,  the  evidence  in  favor  of  two  distinct  types  virulent 
for  mammals — the  one  found  more  commonly  in  bovine  and  the 
other  in  human  lesions — has  grown  stronger.  But  different  varieties 
or  types  do  not  necessarily  mean  different  species  or  even  subspecies. 
As  Smith  himself  stated.  "  Varieties  have  been  found  among  nearly 
all  of  those  specific,  forms  of  pathogenic  bacteria  which  have  received 
a  consi(leral)le  amount  of  attention."''  The  term  "varieties"  is 
here  clearly  used  to  designate  diit'erences  of  a  kind  to  be  expected 
among  the  individuals  of  a  large  and  widespread  species,  such  differ- 
ences as  we  know  occur  among  higher  organisms  than  bacteria  with 
a  wide  geogi'ajjhic  distribution.  'I'here  is  a  distinct  j)arallelism  be- 
tween a  wide  geographic  distribution  of  higher  plants  and  animals 

"Twclflli  iiud  Tliirti'fiilli  .\iinilMl  noports,  T^nrcMn  of  Aiiini:il  Induslr.v.  ISll.'') 
1111(1   isnc.     .lour,  ol'  lOxpcriiiK'nliil  .Mciliciiic,  vol.  :i.  New  York,  1S<)S. 

'''rwi'lflli  1111(1  'riiiilcciilli  .\iiiiuiil  Ucporls.  Itnreini  of  Animal  Industry,  1S!r> 
iiiid  KS!)(;,  p.  Ml). 
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1(1  the  number  and  kinds  of  hosts  a  pathogenic  bacterium  may 
I  feet;  hence,  there  is  no  reason  why  the  tubercle  bacillus,  which  has 
-reived  more  attention  and  which  affects  moi'e  species  of  animals 
11(1  more  individuals  than  any  other  bacterium,  should  not  have  been 
Mind  to  include  many  diffei'ent  types,  the  extremes  of  which  would 
ave  us  in  doubt  as  to  their  specific  classification  if  they  were  not 
oiiiiected  by  a  chain  of  transition  forms. 

Mohler  and  Washburn,''  after  a  comparison  of  many  tubercle  bacilli 
iiiiu  different  sources  and  a  careful  search  of  the  literature,  con- 
liided  that  the  more  the  subject  is  studied  the  more  numerous  the 
ii~l;uices  become  in  which  bacilli  of  special  types  are  found  occurring 
i.iMii'ally  in  animals  far  removed  from  the  species  which  may  be 
ii|)posed  to  be  their  natural  host.    They  obtained  cultures  of  tubercle 
1 1'illi  from  himian  lesions  that  were  morphologically  and  biologic- 
iliy  liovine  types,  and  in  their  summary  of  the  investigations  of 
ollicrs  show  that  bovine  types  have  frequently  been  obtained  from 
iiiaii  and  human  types  from  cattle.     These  investigators,*  after  a 
prolonged  study  of  the  susceptibility  of  tubercle  bacilli  to  modifica- 
ijlion,  draw  the  conclusion  "that  the  morphology  of  tubercle  bacilli 
is  their  most  variable  characteristic."     They  successfully  changed  the 
morphology  and  also  the  virulence  of  tubercle  bacilli  in  the  course 
of  their  investigations  and  found  it  possible  both  to  reduce  and  in- 
crease the  virulence  of  tubercle  bacilli  for  different  species  of  animals. 
As  examples  of  changes  in  morphology,  the  following  are  instruct- 
ive as  well  as  intei'esting:  A  tubercle  culture  isolated  from  sputum 
was  given  a  more  jierfect  so-called  "  human  "  morphological  charac- 
ter than  it  originally  possessed  by  passing  it  through  cats.    The  same 
culture  was  given  a  perfect  so-called  "  bovine  "  morphological  char- 
acter by  passing  it  through  cattle.    A  culture  isolated  from  a  tuber- 
culous boy  was  found  to  be  morphologically  a  bovine  type;  after 
fifteen  generations  on  artificial  media  it  was  still  bovine  in  character; 
by  passage  through  cats  it  became,  morphologically,  a  human  type. 
A  culture  isolated  from  bovine  tuberculous  lesions  was  found  to  be 
morphologically  a  bovine  type;  it  became  morphologically  a  human 
type  by  growth  on  solidified  human  blocxl  serum.    It  is  reasonable  to 
assume  if  human  blood  serum  can  effect  this  change  in  a  inorpho- 
logicall}'   bovine   tubercle   bacillus   from   a   bovine   source  that   the 
residence  of  tubercle  bacilli  from  bovine  lesions  in  the  human  body 
may  likewise  cause  a  change  from  so-called   "  bovine  "  to  so-called 
"  human  "  morphology. 

Mohler  and  Waslibtirn  are  not  the  only  investigators  wlio  have  ob- 
tained results  to  [)rove  that  tubercle  bacilli  nuiy  be  made  to  vary  in 


"Bureau  of  Aulmnl   Industry  Hulletln  '.Mi. 

*  Annual  Ueport,  lUiruau  of  Animal  lailustry.  lOOi;,  pii.  Illi-IGS. 
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morphologj'  and  virulence.  In  their  work  they  give  a  history  of  in 
vestigations  similar  to  their  own  which  strengthens  the  evidence  hn 
the  conclusion  that  we  can  find  nothing  in  the  morphology  and  viiii 
lence  of  tubercle  bacilli  to  encourage  us  to  undervalue  the  importai'n 
of  those  from  bovine  sources  for  public  health. 

Fibiger  and  Jensen,"  Avho  likewise  obtained  typical  bovine  bacilli 
virulent  for  cattle,  from  human  lesions,  recall  that  the  imperial  Gcr 
man  health  office  examined  39  cases  of  jDrimary  tuberculosis  of  th 
human  intestines  and  mesenteric  glands  and  found  that  13  amon< 
them  were  caused  by  bacilli  of  the  bovine  type.  Later  investigation 
made  by  Fibiger  and  Jensen  are  smnmed  up  as  follows:  Though  bo 
vine  types  of  tubercle  bacilli  are  more  commonty  isolated  from  bovin 
lesions  and  human  tj^pes  from  human  lesions,  there  are  cultures  tha 
must  be  considered  as  transition  forms,  as  they  have  some  of  th 
characteristics  of  bovine  and  others  of  the  human  type.* 

Gorter,''  after  a  careful  study  of  tubercle  bacilli  from  human  an( 
bovine  lesions,  found  7  among  21  cultures  from  human  sputum  whicl 
he  regards  as  identical  with  the  transition  forms  between  human  an( 
bovine  bacilli  which  he  says  are  described  by  Rabinowitsch.  He  con 
eludes  that  human  and  bovine  bacilli  are  not  different  varieties,  anc 
that  the  conversion  of  the  one  type  into  the  other  actually  occurs. 

Sargo  and  Suess  <*  showed  that  mutations  occur  in  human  tubercl 
bacilli  and  other  types,  which  speak  against  grouping  tubercle  bacill 
from  animals  of  different  species  as  special  varieties. 

Von  Behring,''  who  ranks  as  one  of  the  most  widely  recognizee 
authorities  on  tuberculosis,  found  cultures  of  tubercle  bacilli  isolatei 
from  man  of  low  virulence  for  cattle,  and  others  of  higher  virulenc 
for  them  than  many  cultures  of  bovine  origin.  He  declares  himscl 
as  opposed  to  the  view  that  bovine  tubercle  bacilli  may  be  harnili- 
for  man,  and  calls  attention  to  the  fact  that  they  generally  ha\c  : 
higher  grade  of  virulence  than  human  bacilli,  and  are  therefore  to  li 
regarded  as  more  dangerous. 

The  British  roj'al  commission  on  human  and  animal  tuberculosis 
concluded  from  its  investigations  that  cow's  milk  containing  bovin. 
tubercle  bacilli  is  clearly  a  cause  of  tuberculosis,  and  of  fatal  tuber 
cnlosis  in  man,  and  that  a  very  large  portion  of  tuberculosis  con 
tracted  by  ingestion  is  due  to  tubercle  bacilli  of  bovine  origin. 


"  Herliiipr  Klinisclie  AVocliensclii'ift,  Nos.  4  and  .5,  1007. 

'' Presented  at   the  joint  session  of  Sections  1  and  VII   uf  (he   Inlcin.-itiona 
Conjiress  on  Tnl)ennilosis,  Washington,  D.  C,  1008. 

-    '■  ZeitscinMft  fiir  Tnlicrlinlose.  Voi.  XI,  No.  .'!.  1007.     .\lso  Inter.  cVntrnlb.  fti 
die  Kes.  'I'nher.  Kors.,  \'ol.  II,  .No.  1,  1007. 

''(Vntriilli.  fiir  Haeteriologie,  etc..  Vol.  XLllI,  I'nrI   I.  pp.  4L'2-r.20. 

'■  Herllner  Tieriir/..  Woollens..  No.  47.  1002. 

'  .lonr.  Uojul  Inslitnle  of  rnl)lie  Ilejillli,  Vol.  W.  No.  3,  1007. 
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The  nearlj-  unanimous  oi^inion  of  the  members  of  the  recent  Inter- 
ational  Congress  on  Tuberculosis  at  Washington,  D.  C.,  was  that 
hf  tuberculous  dairy  cow  is  a  serious  menace  to  public  health. 

It  does  not  seem  necessary  to  add,  as  could  easily  be  done,  to  this 

\iilence  to  prove  that  the  various  existing  types  of  tubercle  bacilli 

re  simply  mutation  forms  of  one  specific  organism.     The  presence  of 

laiisition  forms  between  human  and  bovine  tyjses;  the  occurrence  of 

me  bovine  types  in  human  lesions  and  of  human  types  in  bovine 

-ions;  the  occurrence  of  bacilli  highly  virulent  for  cattle  in  human 

-ions;  the  generally  greater  virulence  of  bovine  types  for  all  species 

f  animals;  and  the  virulence,  and  greater  virulence,  of  bovine  types 

or  anthropoid  apes  and  monkeys,"  or  the  animals  in  the  zoological 

cale  most  nearly  related  to  man,  are  all  facts  that  support  the  conclu- 

Ision  that  tubercle  bacilli  in  dairy  products  ai'e  a  source  of  great 

[danger  to  public  health. 

It  is  true  that  tuberculosis  is  more  commonly  an  affection  of  the 
fllung  than  of  other  portions  of  the  body.     The  explanation  for  this, 
which  was  long  regarded  as  satisfactoiy  and  is  still  accepted  by  many, 
injrests  on  the  assumption  that  the  most  important  source  of  tubercu- 
lous infection  is  finely  pulverized,  tuberculous  material,  suspended  in 
the  air  as  dust,  and  the  direct  exposure  of  the  lung  to  this  dust 
through  the  process  of  respiration.     If  this  so-called  "  inhalation " 
theory  is  true,  and  as  many  of  those  who  maintain  it  assert,  tubercle 
bacilli  can  not  pass  through  the  uninjured  wall  of  the  digestive  tract 
and  reach  organs  remote  to  it  without  leaving  evidences  of  their 
c|  passage,  then  tubercle  bacilli  in  dairy  products  have  no  important 
significance   for   public   health.     Therefore  to   prove   that   tubercle 
i  bacilli  in  dairy  products  are  dangerous  we  must  give  some  thought  to 
the  mode  of  infection,  or  the  portal  through  which  the  bacilli  enter 
the  body. 

How  strongly  the  inhalation  theory  was  intrenched  in  the  minds  of 
medical  men  is  well  expressed  by  Aufrecht''  in  the  statement  that 
considerable  courage  was  required  only  a  few  years  ago  to  character- 
ize it  as  an  unwarranted  hypothesis  for  the  wide  belief  of  which  no 
satisfactory  evidence  had  been  supplied.  He,  in  1900,  and  Baungar- 
ten,''  in  1901,  pointed  out  that  it  had  not  been  proven  to  be  the  exclu- 
sive or  even  the  most  important  mode  of  infection  with  tubercidosis. 
In  1902  followed  the  experiments  of  Nicolas  and  Descos,''  confirmed 
by  those  of  Ravenel "  in  1903,  which  proved  that  tubei'cle  bacilli 

"  Ito|inrl   of  (lie  P.iilisli  royal  conimissioii   in   the  British  Journal,  Xo.  24.'?0, 
I'.MiT;  also,  Bureau  of  Animal  Indiislry  Hulletin  No.  52,  li)05. 
'' lierliner  Kliuisch  Wocliens.,  No.  27,   1907. 
"  Wiener  Mod.  Woehens.,  Vol.  51,  No.  44. 
''.lour.  riiyH.  et  de  Path.  GCn.,  Vol.  IV,  1902. 
(^^Jour.  Med.  Uesea.,  Vol.  X,  |)|).  4U()-)(i2. 
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introduced  into  the  healthy  intestinal  canal  of  animals  rapidly  passed 
through  the  uninjured  mucosa  and  appeared  in  the  great  thoracii 
duct  on  their  way  to  the  venous  circulation.  Nocard  and  his  pupils, 
Desoubry  and  Porcher,''  had  earlier  shown  that  the  passage  of  hue 
teria  through  the  normal  intestinal  wall  and  their  transference  to  tlv 
blood  was  jjossible.  Chavreau,''  in  view  of  the  constantly  accmnulat- 
ing  evidence  that  pulmonary  tuberculosis  in  man  and  animals  ariKChi 
from  infection  through  the  intestine,  calls  attention  to  his  investiga- 
tions from  1868  to  1874,  in  which  jjulmonary  tuberculosis  was  brought 
about  bv  the  ingestion  of  tuberculous  material  without  the  production 
of  pathological  conditions  in  the  digestive  tract. 

This  earlier  work  was  followed  rapidty  by  other  investigations, 
which  i^roved  more  and  more  conclusively  that  the  introduction  ol 
tubercle  bacilli  into  the  bodj'  with  food  may  lead  directly  to  tlir 
development  of  pulmonary  tuberculosis,  without  lesions  in  the  ali- 
mentary canal  and  without  intermediate  lesions  of  disease  between 
the  digestive  and  respiratory  organs.  The  most  important  investiga- 
tions are  probably  those  of  Calmette  and  his  associates,  now  pub- 
lished in  book  form.<= 

These  investigators  claim,  and  present  good  evidence  in  support  of 
their  claim,  that  dust  particles  never  penetrate  deeper  into  the  lung 
than  to  the  first  bandies  of  the  bronchi ;  that  tuberculosis  is  constantly 
a  disease  of  which  the  infection  enters  through  the  intestine;  that 
tubercle  bacilli  may  penetrate  the  intestinal  wall  without  causing 
lesions ;  that  the  bacilli  may  pass  through  the  mesenteric  glands  with- 
out causing  lesions;  that  the  bacilli  frequently  cause  primai-y  lesions 
in  the  mesenteric  glands  of  young  experiment  animals,  but  commonly 
pass  through  these  glands  of  adult  animals  and  cause  j^rimary  pul- 
monary tuberculosis;  that  tuberculous  processes  in  the  lung  never 
begin  in  the  bronchi  or  alveoli,  but  constantly  in  the  capillaries, 
especially  in  the  finest  capillary  network  of  the  subpleural  tissue,  etc. 

Relative  to  this  localization  of  the  earliest  stages  of  pulmonary 
tuberculosis,  Aufi'echt ''  says : 

The  initial  changes  in  the  apices  of  (lie  lung,  as  I  have  convincod  ni.vself  l).v 
repeatert  anatomical  examinations,  flo  not  spread  from  (ho  terminal  branches 
of  the  bronchi. 

«  Comp.  Rend.  See.  de  Biologic,  Vol.  XLVII,  1S95. 

''Experiment  Station  Record,  IT.  S.  Dept.  of  Agriciilliire,  Vol.  XIX,  No.  U>, 
1007.      (Comp.  Rend.  Acad.  Sci.,  No.  !.'>,  Paris,  1907.) 

'■  Recherches  exi)erimentales  sur  la  Tnberculose,  cfrcctiu'cs  do  I'liisliliil  I'as 
lenr  de  Lille,  par  Calmette  et  Guerin,  1'.  Vansteenbcrghe,  M.  Itreton,  (ir.vsez. 
Sonnoville  et  Oeoi'ges  I'elit,  I'aris,  ]!H)7.  Reviewed  in  the  niontlily  pulilication 
of  llie  Inlcrnalional  .Vnlitiilicrcniosis  .\s.socialion,  'rubercnlosis,  Vol.  \'I,  No.  .""i, 
li)07.  pp.  li.'iCi  i;.V.I;  also  In  Zcllschrin    fiir  'I'nberUnlosc,   Vol.  XI,  No.  2,  1!H)7,  pp. 

''  berlluci'  Kliulschi;  Wouheiiis,,  No,  27,  11)07, 
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Ic  further  savs  that  he  ha;^ 


-I'll    tbe  cheesy   tubercle   in   the   lung  to  be  associated  not   with   the   finer 
III  iics  of  the  air  tubes,  but  with  the  terminal  capillaries  of  the  pulmonary 

*\'liile  he  is  not  a  special  advocate  of  the  intestinal  way  as  the  sole 

Mil.'  of  infection,  he  ends  his  article  here  referred  to  with  these 

nl-:  "The  inhalation  theory  for  lung  tuberculosis  is  no  longer 

-  ili\"     Kohler,"  who  reviews  Aufrecht's  work,  justly  remarks  that 

rves  wide  recognition,  as  it  supplies  important  arguments  for 

,     iiough   revision  of  the  older  views  about  the  development  of 

Imnnary  tuberculosis. 

I  ii'iger  and  Jensen''  conclude  from  their  own  investigations  and 
ii'al  analysis  of  the  reports  from  numerous  widely  separated 
Ills  that  the  former  doctrine,  which  taught  that  primary  intes- 
luberculosis  is  a  rare  disease,  can  no  longer  be  held  as  valid. 

11  <r  289  children  from  1  to  15  years  old  who  had  succumbed  to 

II  I'liis  diseases,  44,  or  over  15  per  cent,  were  found  on  autopsy  to  be 
j|iL'(ted  with  primary  intestinal  tuberculosis.  These  investigators 
y  that  we  must,  without  doubt,  return  to  our  former  view  and  re- 
ird  the  ingestion  of  raw  milk  as  an  important  cause  of  primary 
itestinal  tuberculosis  during  childhood.  This  view  is  in  perfect 
armony  with  Calmette's  experiments,  which  proved  that  primary 
itestinal  tuberculosis  is  of  commoner  occurrence,  with  infection  that 
liters  the  body  through  the  alimentary  canal,  in  youth  than  in  adult 
fe,  because  tubercle  bacilli  can  pass  through  the  mesenteric  glands 
f  adults  more  readily  than  through  those  of  children. 

Orth "  makes  the  statement  that  even  with  localized  tuberculosis 
n  the  lymph  glands  and  the  lung  we  can  not  exclude  the  intestine  as 
he  portal  of  entry  for  the  tubercle  bacillus.  At  the  international 
'.onference  on  tuberculosis,  held  in  Vienna  during  September,  1907,  he 
iaid  that  tubercle  bacilli  can  enter  the  body  from  the  intestinal  canal, 
.vliich  might  itself,  however,  remain  completely  unaffected,  but  that 
Prom  the  prophylactic  point  of  view  the  channel  of  infection  was  of 
>nly  secondary  ini]K)rtance,  as  the  object  to  be  aimed  at  was  the  de- 
itruction  of  all  sources  from  which  infection  might  take  place.  As 
sources  of  infection  be  named  milk  and  butter  from  tuberculous  cows 
md  sputum  from  tul)erculous  individuals,  and  bovine  tuberculosis 
le  characterized  as  undoubtedly  infectious  for  human  beings.'' 

Klebs "  has  convinced  himself  that  tuberculosis  is  a  disease  of  the 
lymphatic  system  and. may  remain  such  until  the  end  of  life,  and  that 

«  Intren.  Contralb.  fiir  die  Resam.  Tuber.  Forseh.,  Vol.  TI,  Xo    1.  1907. 
'' Horliiicr  Klinlsclic  Wochens.,  Nos.  4  and  5,  1007. 
ciJerliucr  Kniiischc  Wochens.,  No.  S,  1907. 

''Kilitoriiil  ill  llic  New  York  Medical  Uecord,  vol.  72.  Xo.  22.  p.  !H).-,  1907. 
'■  DciKsili.  .Millie.  Wochens.,  No.  I.''),  1907. 
Ill  I     I'.iill.   .^)(!— 00 .35 
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infection  occurs  tlirougli  the  ixitestines,  most  frequently  with  bacilh 
contained  in  cow  s  milk.  He  claims  to  have  established  this  as  a 
fact  with  experiments  made  at  Berne,  and  published  in  Virchov 
ArchiA'es  in  the  early  seventies  of  last  century.  He  saj's  that  he  li  i 
found  no  reason  to  change  his  views,  and  calls  attention  to  the  con- 
clusive manner  in  which  they  have  been  proven  by  the  unimpeaclial)U' 
experiments  of  Orth,  Von  Behring,  and  Calmette. 

Gorter"  adds  his  testimony  to  show  that  the  intestinal  mode  of  in- 
fection is  not  rare,  and  Bongert"  showed  with  rats,  as  was  shown  \)\ 
the  experiment  station  of  the  Bureau  of  Animal  Industry "  with  h(vj:- 
and  cattle,  that  the  injection  of  pure  cultures  of  tubercle  bacilli  iiU' 
portions  of  the  body  as  remote  as  jjossible  to  the  thorax  caused  piil- 
monaiT  tuberculosis  without  intermediate  lesions  to  connect  the  loca- 
tion of  the  disease  in  the  lung  with  the  portal  at  which  the  infect injj 
bacilli  were  inti'oduced. 

Baumgarten*  concluded  after  experimental  studies  and  a  review 
of  the  literature  that  for  practical,  prophylactic  purposes  we  musl 
consider  not  only  the  inhalation  theory  and  ingestion  as  modes  ni 
infection,  but  all  possible  ways  in  which  tubercle  bacilli  may  entii 
the  body. 

It  is  not  intended  to  give  a  comi^lete  summary  of  all  the  invest i- 
gaticms  that  have  supplied  evidence  to  supj^ort  the  fact  that  tubenlt 
bacilli  can  and  do  penetrate  the  wall  of  the  digestive  tract  withdul 
affecting  it  and  jjass  to  the  lung  and  there  cause  lesions.  It  has  been 
amply  shown  that  the  intestinal  mode  of  infection  for  pulmonary  ami 
other  forms  of  tuberculosis,  unlike  the  inhalation  of  tubercle  bacilli 
directly  into  the  lung  tissue,  is  not  merel_y  a  theory,  but  a  well-estab- 
lished truth,  which  has  forced  its  way  to  recognition  in  the  face  oi 
considerable  opposition.  Hence,  the  frequency  with  which  tubercu- 
losis is  a  pulmonary  disease  can  not  be  used  as  an  argument  to  en- 
courage an  undervaluation  of  tubercle  bacilli  in  dairy  products;  on 
the  contrarj^  the  mode  of  infection  with  tuberculosis,  the  certainty 
with  Mhich  tubercle  bacilli  may  enter  one  portion  of  the  body  and 
leave  it  unaffected  and  cause  disease  in  other  i^ortions,  condenms 
dairy  products  infected  with  tubei'cle  bacilli  as  a  serious  menace  to 
public  health. 

The  relative  virulence  of  tubercle  bacilli  in  moist,  opaque  sub- 
stances like  milk,  cream,  butter,  and  cheese;  in  dry  dust  from  tuber- 
culous   material;    in    translucent    substances    like    sputum;    and    in 


"  Zeitschrift  fiir  Tuberkulose,  Vol  XI,  No.  .3,  1907;  also  Intern.  Centralb.  fiir 
(lie  Bcs.  Tiitx'i-.  Forscli.,  Vol.  II,  No.  1.  1007. 
'' Ticrlii/..  Woclicns.,  Vol.  XV,  No.  L>!),  1007. 
"  Hurcjui  of  .\iiimiil   Iiulnstry  ItiiUoliii  !K'i,  11)00. 
''liUcr.  CcuUiilb.  fiir  ilio  gus.  Tuber,  Forscli.,  Vol.  11,  .No.  1,  1007. 
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ransparent  substances  like  the  infectious  spray  of  droplets  that 
scape  from  the  mouths  of  tuberculous  subjects  during  more  or  less 
dolent  exjnratory  efforts,  also  seems  to  emphasize  that  the  tuberculous 
^ow  is  a  verj'  important  source  of  human  tuberculosis. 

Cornet"  is  probably  the  strongest  advocate  of  the  dust-inhalation 
lij'pothesis.  According  to  his  views,  dried,  pulverized  tuberculous 
sputum  is  the  most  important  factor  for  the  dissemination  of  tubercle 
bacilli  and  the  transmission  of  tuberculosis  from  pei-son  to  person, 
notwithstanding  that  he  himself  calls  attention  to  the  rapidity  with 
which  the  bacilli  die  ujjon  exposure  to  light  and  drying;  to  the 
difficulty  with  which  a  tough,  sticky  substance  like  sjDUtum  is  pul- 
verized, and  to  the  fact  that  only  a  small  fraction  of  a  mass  of 
sputum  can  reach  a  sufficiently  fine  state  of  pulverization  to  float  in 
the  air,  or  that  fine  state  which  he  believes  necessary  for  its  direct 
introduction  into  the  finest  branches  of  the  bronchial  tub&s. 

Sunlight  is  the  most  jjotent,  natural  agent  for  the  sterilization  of 
tul^ercle  bacilli;  it  kills  them  in  less  than  one  hour  when  they  are 
exposed  to  its  direct  rays  in  translucent  layers  of  infectious  pus,  and 
in  less  than  five  hours  when  they  are  exposed  in  thick,  opaque  masses 
of  such  pus.''  Weinzirl "  asserts  that  tubercle  bacilli,  as  well  as  other 
nonsporulating  pathogenic  bacteria,  are  destroyed  in  from  two  to  ten 
minutes  by  direct  sunlight,  and  Koch,''  Jousett,"  Fliigge,^  Heymann," 
Di  Donna,*  Cadeac,''  and  others  earlier  called  attention  to  the  rapidity 
with  which  tubercle  bacilli  are  destroyed  by  desiccation  and  exposure 
to  light. 

If  light  and  drjing  are  the  potent  factors  for  the  destruction  of 
tubercle  bacilli  the  practical  evidence  shows  them  to  be,  it  becomes 
questionable  whether  tuberculous  sputum,  which  is  so  tough  that  it  is 
difficult  to  pulverize  in  a  mortar  with  a  pestle  after  it  has  been 
thoroughly  dried,  ever  reaches  a  state  of  pulverization  in  nature  that 
will  enable  it  to  float  in  the  air  without  first  wholly  losing  its  infec- 
tiousness. Of  course,  there  are  scores  of  ways  in  which  moist  tuber- 
culous sjuitum  is  dangerous,  and  hence  the  rapidit_y  with  which  light 
destroys  tubercle  bacilli  and  the  difficulty  with  which  sputum  is 
pulverized  nnist  not  be  taken  as  facts  that  justify  or  excuse  careless 
spitting. 

"Die  TiilxTkiiloso,  Vieniiii,  1007.  pp.  101-117. 
'Bureau  of  Animal  Industry  Circular  No.  127,  pp.  17-20. 

"Dopt.  Agr.   Expt.  Sta.  Roc,  Vol.  XIX,  No.  .S,  p.  2S(),  1!)0T.     t.Ionr.   Iiilecl. 
Diseases,  May,  sup,  :!.  pp.  128-153.) 
''Cornet,  Die  Tubcriculosc,  p.  41.     Vienna.  II107. 
'■Wiener  Med.  Woollens,  1901,  No.  2S.  p.  l.'il'.C. 
'  Zellsclirift  fiir  IlyKioiio,  vol.  3S. 
"lOdilorial  .lour.  Amor.  Med.  .\sso.,  Orl,   12,  l!)(il. 
''Cenlrall).  fiir  I'.aet.  nnd  Tjirisilenk.  Vol.  XI. II,  No.  7. 
'  Le  Uullutiu  MOUical,  Supl,  5,  I'JOU. 
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The  vitality  and  virulence  of  tubercle  bacilli  in  dairy  products  is 
very  different  from  their  rapid  destruction  in  sputum,  and  we  must 
also  bear  in  mind  that  they  are  not  on  the  floor,  or  in  the  air,  or  in 
other  places  from  which  they  may  or  may  not  gain  access  to  our 
bodies,  but  that  they  are  contained  within  articles  of  food  with  which 
they  will  certainly  be  introduced  into  our  bodies. 

Broers,"  whose  work  oJi  tuberculous  dairy  products  is  based  on 
careful  observations,  found  that  tubercle  bacilli  will  live  three  days  in 
milk,  even  when  it  has  undergone  changes  to  make  it  unfit  for  use 
food,  twelve  days  in  buttermilk,  and  that  they  certainly  remain 
virulent  in  butter  three  weeks.  As  milk  and  buttermilk  are  rarely 
used  in  a  raw  state  after  they  are  more  than  three  days  old,  it  is  not 
necessary  to  show  that  the  tu.bercle  bacilli  they  mav  contain  will  re- 
main alive  and  virulent  longer  than  Broers  has  recorded.  The  length 
of  time  the  bacilli  remain  virulent  in  butter  is  another  matter,  and 
regarding  it  the  available  data  are  very  contradictory,  as  is  shown  by 
Cornet,''  who  says : 

Laser  could  fliid  no  live  tubercle  bacilli  in  butter  after  twelve  days;  Heiin 
records  that  all  tubercle  bacilli  eventually  die  in  butter,  and  that  their  maxinnim 
life  in  it  is  thirty  days ;  Gasperini  found  a  reduction  of  virulence  after  thirty 
days,  though  the  bacilli  were  still  ali^e  after  one  hundred  and  twenty  days ;  and 
Dawson  did  not  observe  a  reduction  of  virulence  luitil  after  three  mouths,  and 
claims  to  have  produced  tuberculosis  in  a  guinea  pig  liy  inoculating  it  with 
butter  eight  months  old. 

As  the  two  extremes,,  twelve  days  and  eight  montlis,  are  too  far 
apart  to  be  satisfactory,  an  investigation  relative  to  this  matter 
was  undertaken  at  the  experiment  station  of  the  Bureau  of  Animal 
Industry." 

Butter  was  made  from  the  milk  of  a  cow  afl'ected  with  udder 
tuberculosis,  and  tested  from  time  to  time  by  making  guinea-pig 
inoculations  with  it.  The  butter  was  salted  at  the  rate  of  1  ounce  of 
salt  to  the  pound  of  butter,  and  the  conclusions  drawn  regarding  it 
are  as  follows : 

The  guinea-pig  inocniafions  sliow  that  lulicn'lc  liacilli  in  ordinary  salted 
bullcr  undergo  no  iittenuation  in  forty-nine  days;  that  they  are  still  higlily 
virulent  after  ninety-nine  days,  or  more  than  three  months,  and  that  they  are 
still  alive  after  one  hundred  and  (liirty-thrcc  d;i,\s. 

Since  these  tests  were  niiuk'  i(  was  {'oiind  (liat  llie  bacilli  are  still 
alive  after  one  hundred  and  sixty  days,  which  indicates  tliat  Daw- 
son's period  of  eigld  montiis  is  not  an  exaggeration. 

As  the  investigations  of  the  experiment  station  regarding  the  long- 
retained  virulence  of  tubercle  bacilli  in  butter  called  out  a  i)opnlar 

"Zeitschrlft  fiir  Tuberkulose,  Vol.  X.  No.  a. 
''1>I<'  Tulicrkulosc,  Vienna,  l!Mt7.  Ii.  124. 
'liurcau  iif  Animal  Industry  Circular  No.  127. 
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riticism  to  the  effect  that  the  inoculation  of  guinea  pigs  was  not  a 
iufficient  test  to  show  that  such  bacilli  are  dangerous  when  they  are 
ngested,  the  following  experiment  was  made: 

Four  hogs,  weighing  125  pounds  each,  were  tested  with  tuberculin 
;o  make  sure  that  the}'  were  free  from  tuberculosis,  and  then  placed 
m  four  separate  disinfected  pens.  Each  hog  was  fed  1  ounce  of 
jutter  daily  in  addition  to  its  other  feed;  the  butter  was  of  the  kind 
ased  for  the  guinea-pig-inoculation  tests;  the  feeding  was  continiied 
thirty  days.  This  butter  consisted  of  several  different  lots,  the 
youngest  of  which  was  90  days  or  3  months  old  when  it  was  fed  to 
the  hogs.  The  amount  of  butter  received  daily  by  each  hog  was  less 
than  the  average  person  of  the  same  weight  eats,  and  the  total  amount 
received  by  each  hog  was  less  than  2  pounds. 

Several  months  after  the  feeding  of  butter  was  discontinued  the 
hogs  were  killed  and  examined  post  mortem,  and  three  of  the  four 
were  found  to  have  contracted  tuberculosis. 

More  direct  evidence  to  prove  that  tuberculosis  is  contracted  from 
infected  food,  and  more  direct  evidence  to  prove  that  tubercle  bacilli 
remain  alive  and  virulent  a  quarter  of  a  year  in  ordinary  butter, 
would  be  difficult  to  obtain. 

In  oleomargarine  tubercle  bacilli  maj'  also  remain  alive  long  periods 
of  time,  probably  as  long  as  in  butter,  which  it  closely  resembles  in 
general  character.  In  cheese  the  germs  are  especially  dangerous  when 
they  occur  in  fresh  j^roducts,  like  cottage  cheese,  but  that  even  those 
cheeses  which  require  some  time  to  ripen  are  not  wholly  safe  is  shown 
by  the  fact  that  Prof.  F.  C.  Harrison  proved  that  tubercle  bacilli 
may  remain  alive  in  Cheddar  cheese,  a  standard  American  variety, 
one  hundred  and  four  days." 

We  may  conclude,  as  far  as  it  is  possible  to  test  the  vitality  and 
virulence  of  tubercle  bacilli  from  different  so>irces  and  in  different 
environments,  that  those  from  cattle  are,  as  a  rule,  the  most  virulent, 
and  that  it  seems  to  be  clear  that  dairy  j)roducts  generally,  aiul  butter 
es])ecially,  supply  an  ideal  medium  for  the  preservation  of  both  the 
life  and  virulences  of  tubercle  l)acilli. 

THE  PROPORTION  OF  TUBERCULOUS  COWS  AMONG  THOSE  IN  USE 
FOR  DAIRY  PURPOSES. 

General  statistics  IVoiii  \vlii<li  \vc  can  determine  tlie  percentage  of 
dairy  cows  affected  witii  tulKTcuiosis  are  not  obtainable.  In  the  Dis- 
trict of  Cobnnl)ia  about  17  per  cent  of  tiie  cows  tested  with  tuberculin 
reacted,  and  in  the  State  of  New  York  (lie  figure  iimong  (hose  tested 
is  about  .'iO  per  cent.  It  does  not  absolutely  follow  from  this  that  the 
cattle  of  New  York  State  are  more  conunoniy  tuberculous  tlian  tliosc 
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of  the  District  of  Columbia,  because  in  both  places  the  number  tested 
is  only  a  small  portion  of  the  total  number  in  use,  and  the  percent- 
ages of  tuberculosis  obtained  respectivelj^  niiij  have  been  influenced 
largely  by  the  motive  that  prompted  the  application  of  the  test. 
^\Tien  tests  are  made  at  the  request  of  those  who  own  dairy  herds,  it 
may  be  assumed  that  the  owners  of  exceptionally  good  herds  will  ln' 
in  the  majority,  and  the  percentage  of  tuberculosis  discovered  will 
be  low.  If,  on  the  other  hand,  the  tests  are  largely  forced  for  Die 
protection  of  public  health  because  tuberculosis  is  suspected  anions;- 
the  tested  animals,  the  percentage  of  tuberculosis  found  will  rise  t(i 
the  maximum  figure. 

The  writer  has  personally  tested  a  large  number  of  dairy  herds 
in  widely  separated  localities,  and  in  all  his  tests  did  not  have  the 
good  fortune  to  find  a  single  herd  entirely  free  fi'om  tuberculosis. 
Most  of  these  herds,  however,  were  tested  at  the  request  of  owners 
who  had  some  reason  to  suspect  tuberculosis  among  their  cattle,  and 
hence  this  discouraging  experience  can  not  be  used  as  a  reason  for 
assuming  that  few  perfectly  healthy  dairy  herds  exist. 

From  the  figures  and  estimates  that  are  available  it  seems  fair 
to  conclude  that  not  less  than  20  per  cent  of  our  dairy  cows  are 
tuberculous,  and  that  tuberculosis  occurs  to  some  extent  in  about 
30  per  cent  of  our  dairy  herds.  These  are  believed  to  be  conservative 
figures,  but  they  must  be  taken  strictly  as  having  jjurely  and  simply 
the  value  of  an  estimate.  In  some  European  countries,  where  better 
statistics  are  available  than  in  the  Vnited  States,  it  is  safe  to  con- 
(■lude  that  not  less  than  40  per  cent  of  all  dairy  cows  are  tuberculous, 
and  this  high  percentage  will  be  reached  among  our  dairy  cattle 
before  long  unless  vigorous  means  are  used  to  prevent  the  further 
spread  of  tuberculosis  among  them. 

THE    FREQUENCY    WITH    WHICH    DAIRY    PRODUCTS    HAVE   BEEN 
PROVEN   TO    CONTAIN    TUBERCLE   BACILLI. 

The  truest  test  of  the  measure  in  which  the  public  is  exposed 
to  tubercle  bacilli  from  bovine  souix-es  is  the  frcfjuency  with  which 
tubercle  bacilli  occur  in  dairy  products. 

Without  reviewing  investigations  of  older  date  or  tho.se  made 
in  foreign  countries,  four  comparatively  recent  investigations  made 
in  .Vmericii  sluiw  how  conunon  the  occurrence  of  vindent  tubercle 
bacilli  in  milk  is.  The  largest  of  the  four  investigations  showed 
that  1.").  or  6.7  ])er  cent,  of  22:5  samples  of  milk  contained  tubercle 
bacilli.  The  milk  was  obtained  from  102  dairies,  among  which  11, 
or  10.7  per  cent,  were  di.stributing  infected  milk."  The  second 
investigation  showed  that  2,  or  2.7  per  cent,  of  73  samples  of  milk 

"J.  V.  Anderson,  T'nitocI  States  Pnl)lic  Honlth  miuI  Marine-IIosiiital  Service, 
Hygienic  Luborutory  UuUetlu  No.  41,  pj).  1C3-102, 
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iDutained  tubercle  bacilli."  The  third  investigation  showed  that  2, 
1-  "i.o  per  cent,  of  36  samples  of  milk  contained  tubercle  bacilli. 
lie  milk  was  obtained  from  26  dairies,  among  which  2,  or  7.7  per 
lut,  were  distributing  infected  milk.''  The  fourth  investigation 
I  lowed  that  17,  or  16  per  cent,  of  107  samples  of  milk  contained 
iilicrcle  bacilli,  and  that  among  8  samples  of  commercially  pasteur- 
/(■(l  milk  one  was  found  that  contained  live  tubercle  bacilli.'' 

The  four  investigations  taken  together  show  that  among  the  439 
iiinples  of  milk  36,  or  8.2  per  cent,  were  infected  with  live,  virulent 
Iilicrcle  bacilli. 

The  fact  that  one  among  eight  commercially  pasteurized  samples  of 
iiilk  contained  living  tubercle  bacilli  is  conclusive  proof  that  some  of 
111'  so-called  "  pasteurization,"  commercially  practiced,  is  worse  than 
i-cless,  and  has  the  evil  tendency  to  quiet  the  mind  regarding  grave 
l;iiigers  it  does  not  correct. 

It  is  a  serious  charge  against  the  milk  commonly  sold  by  dairies  to 
-;i\  that  fully  1  sample  among  every  12  contains  living,  virulent 
iiilii'rcle  bacilli,  and  yet  this  is  the  most  favorable  conclusion  we  can 
liaw  from  four  of  the  most  recent  and  most  reliable  investigations 
\\  i'lh  which  the  writer  is  acquainted. 

A  further  analysis  of  the  two  among  the  four  milk  investigations 
tliat  give  the  number  of  dairies  from  which  milk  was  tested  proves 
iliat  the  conditions  are  worse  than  their  sujierficial  appearance  indi- 
I  itcs.  These  two  investigations  show  that  17,  or  6.5  per  cent,  of  259 
Miiiiples  of  milk  obtained  from  128  dairies  were  infected,  and  that  the 
1 1 1 1  rcted  milk  was  sold  by  13,  or  10  per  cent,  of  the  dairies.  The  two 
1 1 1  \  I'stigations  also  show  that  the  total  number  of  samples  of  milk 
"litained  from  the  13  infected  dairies  is  31,  of  which  17  were  infected 
;iiiil  14  were  free  from  infection.  Hence,  the  difference  between  the 
|H  rientage  of  infected  milk  samples  and  the  percentage  of  infected 
dairies  can  not  be  explained  on  the  assumption  that  it  is  due  to  the 
more  frequent  duplication  of  tests  with  milk  from  the  noninfected 
than  from  the  infected  dairies;  it  is  shown  on  the  face  of  the  evidence 
that  the  difference  of  the  two  percentages  is  due  to  the  fact  that 
infecUnl  dairies  distribute  infected  milk  intermittently  and  not 
continuously. 

The  intermittent  distribution  of  infected  milk  by  infected  dairies  i.s 
not  only  inlercsling  because  it  may  be  related  to  the  intermittent  ex- 
pulsion of  tubei'cle  bacilli  by  cattle  with  their  feces,  but  also  because 
it  justifies  that  we  should  draw  the  conclusion  from  the  milk  tests  we 

"J.  R.  Moliler,  same  work  as  above,  pp.  493-49.^. 

'  Unpublishod  work  of  the  cxperiniont  station  of  the  T'liiled  Slnlcs  liiiroiin  of 
Animal  Industry. 

"  Ur.  Alfred  Hess,  of  Now  York,  i'apor  presoutod  ill  llic  liit<'riui(i(ni:il  t'oii- 
Ercss  on  Tuberculosis,  \\'Msliingtou,  D.  C,  VMS. 
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have  under  consideration  that  a  huger  proportion  of  dairies  than  even 
10  per  cent  must  be  chissed  as  infected. 

To  obtain  further  information  regarding  tlie  intei-mittent  distribu^ 
tion  of  tuberculous  milk  by  infected  dairies,"  sam^jles  of  millv  were 
bought  from  a  dairy,  from  which  several  months  previously  a  sample 
of  milk  had  been  obtained  that  was  found  to  be  infected  with  virulent 
tubercle  bacilli,  on  30  diti'erent  days  and  injected  into  guinea  pigs. 
Among  the  30  samiales  the  second,  third,  and  eiglith  were  found  to 
contain  tubercle  bacilli;  the  remaining  27  were  not  infected.  If  we 
add  the  samjsle  of  milk  which  first  sliowed  the  infected  chai'acter  of 
the  dairy  to  the  30  later  samples,  we  have  31  from  one  source  among 
which  4,  or  about  13  per  cent,  were  found  to  contain  tubercle  bacilli. 
It  does  not  require  much  reasoning  to  conclude  from  this  evidence 
that  the  chances  for  discovering  an  infected  dairy  by  testing  one 
sample  of  milk  from  it  may  be  equal  to  only  13  per  cent,  and  the 
chances  that  the  one  test  will  not  reveal  the  infected  character  of  a 
dairy  may  be  nearly  eight  times  as  great  as  the  chances  that  it  will. 

I  do  not  wish  to  create  an  exaggerated  idea  of  the  projjortion  of 
dairies  that  intermittently  distribute  tubercle  bacilli  in  milk,  because 
the  facts  are  so  grave  that,  without  exaggeration,  they  are  almost  be- 
yond belief.  It  is  well,  however,  to  know  the  truth,  and  through 
knowing  it,  to  be  convinced  that  the  milk  of  no  dairy  can  be  accepted 
as  permanently  free  from  tubercle  bacilli  unless  it  is  obtained  in  a 
clean,  wholesome  environment  from  cows  shown  by  the  application  of 
the  tuberculin  test  to  be  free  from  tuberculosis. 

The  available  data  regarding  the  frequency  with  which  tubercle 
bacilli  occur  in  butter  and  other  dairy  products  than  milk  are  very 
meager  for  the  United  States,  but  when  we  know  that  tubercle  bacilli 
in  milk  are  transferred  to  the  cream,  butter,  cheese,  etc.,  made  from 
it,  we  can  readily  infer  how  commonly  these  products  are  infected. 
Relative  to  the  infection  of  cream  and  butter  the  following  para- 
graph from  a  report  of  the  United  States  Secretary  of  Agriculture 
is  very  significant : '' 

The  examination  of  sediment  taken  from  cream  separators  of  public  cream- 
eries throughout  the  country  has  demonstrated  the  presence  of  tubercle  bacilli 
In  about  one-fourth  of  the  samples. 

In  a  recent  publication  of  the  United  States  Bureau  of  Animal 
Industry  it  was  pointed  out  that  both  the  tendency  of  tubercle  bacilli 
to  rise  with  cream  and  a  comparison  of  European  statistics  relative 
to  the  frequency  with  which  tubercle  bacilli  have  been  detected, 
respectively,  in  milk  and  butter  indicate  that  when  tubercle  bacilli 

"Unpublished  worlc  of  the  experiment  station  of  the  Tnited  States  Bureau  of 
Anlmul  industry. 

''Annual  Ueport  of  the  Secretary  of  Agriculture,  Waslilnjjtun,  I>.  C,  V.\0~, 
p.  30. 
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are  present  in  milk  they  will  no  doubt  be  pi'esent  in  greater  coneen- 
1  tration  in  cream  and  butter." 

We  can  protect  ourselves  against  the  tubercle  bacilli  that  are  dis- 
tributed in  milk  by  practicing  home  pasteurization ;  but  with  butter 
this  is  not  possible;  and  it  is  therefore  desirable  that  the  milk  or 
cream  used  in  the  manufacture  of  butter  should  either  be  obtained 
from  cows  cei-tainly  free  from  tuberculosis,  or  that  it  should  be 
pasteurized  before  it  is  used. 

SUMMARY. 

We  have  seen  that  tuberculosis  is  the  commonest  disease  of  both 
persons  and  dairy  cows,  and  that  persons  and  dairy  cows  are  its  com- 
monest victims;  we  know  that  dairy  products  are  indispensable,  and 
that  they  are  more  commonly  eaten  in  a  raw  state  than  other  products 
from  animals;  we  have  seen  that  tuberculosis  is  an  insidious,  chronic 
disease,  and  that  tuberculous  cows  often  expel  tubercle  bacilli  long 
before  they  show  signs  of  their  diseased  condition ;  we  have  seen  that 
milk  is  almost  invariably  contaminated  with  the  material  in  which 
tuberculous  cows  most  commonly  expel  tubercle  bacilli  from  their 
bodies ;  *  we  have  seen  that  milk  is  so  often  infected  with  virulent 
tubercle  bacilli  that  unless  we  know  it  to  be  derived  from  cows  that 
are  certainly  free  from  tuberculosis  it  is  not  safe  to  use  it  in  a  raw 
state ;  we  have  seen  that  tubercle  bacilli  in  milk  are  transferred  to  the 
cream,  butter,  and  cheese  made  from  it,  and  may  occur  in  these  prod- 
ucts in  greater  concentration  than  they  had  in  the  milk  from  which 
they  were  derived ;  we  have  seen  that  no  better  medium  for  the  preser- 
vation of  the  life  and  virulence  of  tubercle  bacilli  can  be  found  than 
the  moist,  bland,  and  opaque  character  of  butter  offers;  we  have  been 
told  that  the  medical  profession  is  well-nigh  unanimous  in  the  view 
that  tubercle  bacilli  from  the  bovine  source  in  dairy  products  are  a 
serious  menace  to  iiublic  health;  and  we  have  seen  that,  in  our  fight 
for  the  suppression  and  eventual  eradic^ation  of  tuberculosis,  we  must 
seek  to  make  harmless  all  the  sources  from  which  tubercle  bacilli  are 
expelled.  Add  to  this  that  the  available  evidence  regarding  different 
types  of  tubercle  bacilli  shows  that  bovine  types  have  been  found  in 
human  lesions  and  human  types  in  bovine  lesions;  that  transition 
forms  connect  bovine  types  directly  with  human  types;  that  the  most 
variable  feature  about  a  tubercle  bacillus  is  the  character  that  is  used 
to  classify  it  as  a  special  type;  that  tubercle  bacilli  of  human  types 
have  been  converted  into  bovine  types  and  those  of  bovine  types  into 

"Bureau  of  Auinial  Industry  Circular  127,  1008,  pp.  4-.''). 

''The  expulsion  of  virulent  tubercle  bacilli  with  the  feces  from  the  bodies  of 
apparently  healthy,  tuberculous  cows  has  been  conlirnied  slnoo  tills  article  was 
written  by  the  lirltlsh  Koyal  Oomnilsslon  on  Iluruau  and  ^\jilmal  Tuberculosis. 
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human  types,  and  that  tubercle  bacilli  of  the  so-called  "  bovine  "'  type 
are,  as  a  general  rule,  more  virulent  than  those  of  the  human  type  for 
all  animals,  including  manlike  apes,  and  the  conclusion  is  almost 
forced  uj^on  us  that  the  tuberculous  dairy  cow  is,  to  say  the  very  least, 
one  of  the  most  important  sources  of  tubercle  bacilli  with  which  we 
have  to  deal. 

The  commoner  occurrence  of  tuberculosis  in  the  lung  than  in  other 
parts  of  the  body  should  not  encourage  us  to  undervalue  tubercle 
bacilli  concealed  in  articles  of  food,  as  it  has  been  shown  that  infection 
may  penetrate  to  the  lung  as  easily  by  the  way  of  the  intestine  as 
directly  through  the  trachea  and  bronchi ;  in  fact,  a  critical  considera- 
tion of  the  two  modes  of  infection,  inhalation  and  ingestion,  shows 
that  the  latter  is  in  better  harmony  with  known  facts  than  the  former. 

As  there  is  a  lack  of  clearness  about  the  popular  conception  of  the 
channels  through  which  disease  germs  may  penerate  into  and  injure 
the  lung,  it  may  be  well  to  devote  a  few  additional  paragrajihs  to 
this  subject. 

•  The  inhalation  of  infectious  material  directly  into  the  hmg  re- 
quires, first,  that  the  infectious  material  must  be  suspended  in  the 
air,  and,  second,  that  the  infectious  material  must  remain  in  suspen- 
sion-while the  air  passes  through  a  long,  narrow,  tortuous,  moist- 
walled  system  of  channels.  We  have  seen  how  difficult  it  is  to  pul- 
verize the  tuberculous  material,  sputum,  from  which  fine  tubercu- 
lous dust  is  supposed  to  arise,  and  we  have  seen  how  i-apidly  tubercle 
bacilli  are  destroyed  when  they  are  exposed  to  light  and  drying; 
hence  we  may  conclude  that  dust  charged  with  live,  virulent  tubercle 
bacilli  is  by  no  means  plentiful.  But  even  if  tuberculous  dust  was 
abundantly  suspended  in  the  air,  its  penetration  into  the  finer  bron- 
chial tubes  of  the  upjier  portions  of  the  lung,  where  tuberculous  proc- 
esses most  commonly  begin,  would  necessitate  a  suspension  of  the  laws 
that  govern  the  relative  movements  of  substances  of  higher  and  lower 
specific  gravity  actuated  by  the  same  force. 

"VVlien  a  moving  fluid  holds  solid  particles  of  relatively  higher 
specific  gravity  in  suspension,  every  change  in  the  direction  of  the 
movement  will  cause  the  heavier,  solid  particles  to  move  somewhat 
more  taiigentially  than  the  lighter  fluid.  If  the  movement  occurs  in 
a  tube,  the  heavier  particles  will  be  thrown  with  more  or  less  force 
^against  the  wall  of  the  tube.  AVlien  the  heavier  particles  are  a  dry 
dust  and  the  fluid  is  a  dry  gas  like  air  and  the  movenu'nt  occurs  in 
moist-walled  channels  like  the  air  tubes,  the  dust  will  be  thrown 
against  and  adhere  to  the  moist  walls,  and  the  air  will  be  thoroughly 
purified  long  before  (he  number  of  (urns  or  changes  of  direction  have 
been  niiule  (hat  or'ciir  in  ilx'  air  passages  from  (he  exterior  of  the 
boily  111  Hie  liner  lndiirliial  liilics.  Now.  (he  larger  air  tubes  on 
wiiich  ihisl  may  l>e  deposited  are  covered  wi(li  a  ciliated  epithelium 
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lor  cells,  ■which  have  fine  hairlike  processes  that  are  in  constant  motion, 
land  the  motion  is  of  a  kind  that  tends  to  move  dust,  etc.,  outward 
land  not  farther  into  the  lung. 

From  this  it  should  readily  be  seen  that  the  inhalation  theory  to 
account  for  the  infection  of  the  lung  is  simple  only  when  we  fail  to 
analyze  it,  and  that  analysis  shows  it  to  be  a  practically  impossible 
hypothesis. 

The  normal  channel  through  which  material  from  without  enters 
the  bod}'  is  the  digestive  canal.  It  has  been  shown  by  Nicolas  and 
Descos,  Ravenel,  Schloszmann  and  Engle,  Calmette  and  his  asso- 
ciates, and  other  bacteriologists  and  pathologists  too  numerous  to 
mention,  that  tubercle  bacilli  may  penetrate  rapidly  through  the 
healthy  walls  of  the  intestines  and  reach  the  great  thoracic  lymph 
duct.  The  thoracic  lymph  duct  empties  its  contents  into  one  of  the 
large  veins  that  communicate  with  the  heart;  mixed  with  the  blood 
in  this  vein  tlie  material  from  the  duct  enters  the  heart  and  is  pumped 
directly  to  the  lung,  where  it  is  filtered  through  the  lung  capillaries, 
which  are  the  finest  and  most  complex  capillaries  of  the  body.  If  we 
recall  that  the  careful  anatomical  examinations  made  by  Aufrecht 
and  by  Calmette  and  his  associates  proved  that  the  tuberculous  proc- 
esses in  the  lungs  have  their  beginning  in  the  finer  capillaries  and 
not  in  the  finer  air  tubes,  we  are  in  a  position  to  conclude  that  infected 
food  much  more  than  infected  air  is  to  be  dreaded  as  a  cause  of 
tuberculosis. 

Tuberculosis  among  dairy  cows  is  so  common  and  wide  spread  that 
we  can  not  hope  to  clean  all  dairy  herds  of  the  disease  for  some  time 
to  come;  hence  it  is  necessary  for  the  protection  of  health  to  avail 
ourselves  of  the  one  expedient  wliich  is  immediately  at  hand,  and 
lliat  is  pasteurization;  and  jiasteurization  should  not  be  restricted  to 
milk,  ))ut  all  milk,  cream,  etc.,  used  in  the  manufacture  of  butter, 
cheese,  and  other  dairy  products,  should  be  pasteurized,  unless  it  is 
obtained  from  healthy,  nontuberculous  cows  that  are  stabled  under 
hygienic  conditions  in  an  environment  wholly  free  from  tuberculous 
infection. 

Tlie  elimination  of  tuberculosis  from  the  dairy  herd  is  urgently 
reconunended,  no!  only  because  the  ])rotection  of  public  health  re- 
<|ni!-es  it,  but  also  because  tuberculosis  among  cattle  is  a  serious  cause 
of  |)ecuniary  loss,  so  serious  indeed,  tiiat,  from  the  strictly  economic 
))oiut  of  view,  it  nnist  be  regarded  as  (he  most  important  prol)lem 
(hose  who  are  interested  in  animal  husbandry  can  undertake  to  solve. 


16.  SANITARY  INSPECTION  AND  ITS  BEARING  ON 
CLEAN  MILK. 
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SANITARY  INSPECTION  AND  ITS  BEARING  ON  CLEAN  MILK. 


By  Ed.  H.  Webster, 
Chief  of  Dairy  Division,  Bureau  of  Animal  Iiidusinj,  Department  of  AprieiiUnre. 


In  discussing  this  subject  it  will  be  assumed  that  the  herd  is  in  i^er- 
fect  condition  as  regards  health,  that  there  are  no  persons  emploj'ed 
in  or  about  the  dairy  suffering  from  any  communicable  disease,  and 
that  the  water  supply  has  been  examined  and  found  pure.  This 
assumjation  is  made  with  the  understanding  that  if  any  of  these  con- 
ditions are  not  complied  with  the  milk  will  be  debarred  from  the 
market,  or  under  certain  prescribed  regulations  be  allowed  sale  after 
pasteurization. 

CLEAN  MILK. 

It  is  evident  that  in  nature's  scheme  for  the  nourishment  of  the 
young  milk  was  never  intended  to  see  the  light  of  day,  and  if  suckled 
from  a  normal,  healthy  gland  is  the  perfect  food  for  the  offspring. 
In  this  natural  method  of  nourishment  there  is  little  possibility  of 
contamination  from  outside  sources.  As  soon  as  the  artificial  method 
of  drawing  milk  is  resorted  to  there  enters  a  whole  set  of  conditions 
entirely  new  and  different.  The  milk  then  comes  in  contact  witli  the 
air,  the  vessel  into  which  it  is  drawn,  and  with  particles  of  dirt  from 
many  sources. 

The  problem  of  securing  clean  milk — i.  e.,  milk  as  near  as  possible  to 
the  condition  as  it  exists  in  the  udder — is  the  jn-oblem  of  daii'y  sani- 
tation. To  ])ut  it  in  another  way,  it  is  the  problem  of  reducing  con- 
tamination from  all  outside  sources  to  the  least  possible  factor. 

WHAT  IS  CONTAMINATION., 

If  (he  mere  presence  of  solid  particles  of  dirt  so  frocpiently  found 
in  the  milk  were  the  only  damage  wrought,  the  (piestion  would  resolve 
itself  into  tlie  simi)le  o]ieration  of  straining  or  passing  the  milk 
through  a  clarifier.  The  presence  of  solid  dirt  is.  however,  an  indica- 
tion of  nmch  more  serious  conditions.     Bacteriology   teaches   that 
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every  particle  of  dirt,  whether  it  seems  to  the  eye  a  source  of  con- 
tamination or  not,  carries  \Yith  it  great  numbers  of  bacteria,  and  that 
milk  at  ordinary  temperatures,  65°  F.  to  100°  F.,  is  an  excellent 
medium  for  their  growth,  and  most  of  the  changes  that  take  pLuo 
in  milk  can  be  traced  directly  to  such  action. 

Neither  straining  nor  clarifying  will  remove  the  bacteria  from  tin- 
milk,  hence  the  necessity  of  keej^ing  the  dirt  out,  not  straining  it  out. 

SOURCES   OF   CONTAMINATION. 

From  the  act  of  milking  to  the  tinal  consumption  of  the  milk  the 
possibilities  of  contamination  are  many  and  varied  in  character. 
Everything  that  comes  in  direct  contact  with  the  milk  may  be  a 
source  of  trouble,  and  many  things  may  act  indirectly  and  seriously 
affect  the  results  desired. 


The  first  contamination  usually  begins  with  the  act  of  milking. 
If  the  udder  and  flanks  of  the  cow  are  covered  with  the  dirt  of  the 
yard  or  stable  the  process  of  milking  will  dislodge  a  greater  or  less 
portion  of  this  filth,  causing  it  to  fall  into  the  pail. 

The  amount  of  filth  that  may  be  on  a  cow  will  depend  very  much 
on  the  condition  of  the  stable  yard,  and  floor,  gutter,  and  bedding 
in  the  stables. 

The  following  illustrations  are  used  to  better  show  conditions 
which  are  too  common  the  country  over.  The  condition  of  the  cow 
shown  in  Fig.  29  is  not  exaggerated.  The  milker  is  probablj'  all 
unconscious  that  he  is  sowing  the  seeds  of  contamination  and  destriic- 
tioii.  which  may  sooner  or  later  cause  the  death  of  infants  who  are 
unfortunate  enough  to  be  fed  from  milk  produced  under  such  cir- 
cumstances. If  he  is  aware  of  this  fact  he  is  criminal  in  purpose 
and  intent,  and  the  most  stringent  penalties  should  be  provided  to 
stop  such  work.  Figs.  31,  32,  33,  and  34  show  exteriors  and  interiors 
of  barns  which  will  contribute  to  such  a  fearful  condition. 

As  to  the  amount  of  filth  that  will  get  into  the  milk  and  the  result 
on  the  product,  reports  from  the  Illinois  Experiment  Station  and 
Storrs  (Conn.)  Experiment  Station  are  here  quoted: 

Tlie  avorncc  woiRlit  of  dirt  which  falls  from  ninddy  ii<lft(>rs  clnriii};  milking 
is  !){)  times  as  jirent  as  that  whicli  falls  from  the  same  nddors  after  washiuR, 
and  wlioii  udders  arc  sli};litl.v  soiled  it  is  ."!•_'  times  .-is  ^'reat.  (Hulleliii  No.  S4, 
Illinois  Kxperiment  Station.) 

\Vi|iiii«  the  (lank  .and  ndder  of  the  i-mv  witii  a  damii  elutli  .just  l)efori>  milk- 
ing is  a  very  ellicienl  method  for  reducinK  the  nninl)er  of  l)aeleri;i  which  falls 
into  the  miiii  ii.iii.     ( Stocking.— Bulletin  No,  -12,  Storrs  ExperiDicut  Station.) 


I'lill.  56,  ITvffieiuc  Laboratory. 


30.     CLEANING  COWS  PREPARATORY  TO   MILKING.     A  SIMPLE   OPERATION 
REQUIRING   NO  OTHER  OUTLAY  THAN   A   LITTLE   TIME. 


Hyuifnic  Laboratory. 


33.  FILTHY  WALLS,  FLOORS,  AND  CEILINGS.  A  CONDITION  KHEQUENTLY  MET  WITH  IN  OLD 
BARNS.  CEILING  FULL  OF  COBWEBS  AND  DUST,  WALLS  AND  FLOORS  SHOW  LITTLE  EVI- 
DENCE OF  CLEANING.  CLEAN  MILK  CAN  NOT  BE  PRODUCED  IN  SUCH  A  PLACE.  "THIS 
IS  THE   KITCHEN  WHERE   BABY'S  BREAKFAST   IS  PREPARED."-DR.   SANTEE. 


37.      GOOD   TYPE   OF    MILKING  SUIT   AND   TAIL 
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45.  A  VERY  NEAT,  INEXPENSIVE,  SMALL,  BOTTLING  ROOM. 
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47.     CHILDREN    INTRUSTED   WITH    THE    IMPORTANT   WORK   OF    WASHING    MILK   BOTTLES. 
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\n  average  of  13  exjieriments  at  Storrs  station  showed  the  follow- 
ing results: 

I'.acteria  in  milk  from  unwiped  udders  per  c.  c 7,058 

I!:iLteria  iu  mill£  from  wiped  udders  per  c.  c 716 

Decrease  due  to  wiping 6,342 

Fig.  30  is  shown  in  contrast  to  Fig.  29  in  order  to  illustrate  a  simple 
and  inexpensive  method  of  cleaning  cows  preparatory  to  milking  and 
tn  show  more  stronglj'  the  desirability  of  such  work.  It  is  not  prob- 
11 1  lie  that  cows  handled  as  those  shown  in  P'ig.  30  would  ever  get  into 
the  condition  of  the  one  shown  in  Fig.  29,  but  the  proprietor  of  this 
1  lean  dairy  considered  it  necessary  to  wash  and  wipe  the  udders  and 
flanks  before  every  milking,  in  this  manner.  He  is  taking  no  risks  in 
li\es  of  infants  who  may  be  fed  on  milk  from  this  dairy. 

Figs.  35  and  3G  show  a  clean  exterior  and  interior.  In  such  a  place 
the  problem  of  producing  clean  milk  is  much  simi^lified,  because  the 
surroundings  are  in  clean,  sanitary  condition.  The  filthiness  shown 
in  Fig.  29  could  not  exist. 

The  milker  may  not  be  cleanly  in  person  or  dress;  he  may  have 
iliat  most  filthy  of  habits,  milking  with  wet  hands.  The  hands  are 
usually  wet  by  milking  a  few  streams  over  them  and  kept  wet  by 
repeating  the  operation  from  time  to  time.  The  filth  on  the  udder 
\\  ill  ooze  out  under  and  through  the  fingers  and  drip  into  the  pail. 
Nil  illustration  could  be  obtained  showing  this  condition  but  it  is 
IriMjuently  met  with  in  inspection  woi'k. 

Milkers  too  often  wear  the  clothing  that  has  done  duty  for  every 
other  work  about  the  farm.  Such  clothing  may  contain  dirt  from  the 
liog  pen,  the  chicken  coop,  the  horse  barn,  or  the  swill  barrel,  and  is 
entirely  unfit  to  be  worn  during  milking.  A  clean  white  milking  suit 
has  a  twofold  effect.  It  will  not  of  itself  contaminate  the  milk,  and 
if  the  milker  is  required  to  keep  such  a  suit  clean,  he  must  of  necessity 
keep  everything  with  which  he  comes  in  contact  clean.  Compare  the 
appearance  of  the  milker  shown  in  Fig.  37  with  that  in  Fig.  29.  A 
milker  can  not  sit  down  to  a  dirty  cow  and  keep  himself  or  the  milk 
clean. 

The  difference  in  results  between  different  milkers  working  under 
the  same  conditions  is  strikingly  illustrated  by  Stocking.  The  aver- 
age of  19  tests  in  which  2  milkers  who  had  had  no  training  in  dairy 
sanitation  and  1  milker  a  graduate  of  the  Connecticut  Agricultural 
College  showed  17,10.5  bacteria  per  cubic  centimeter  for  the  untrained 
men  and  2,45.5  for  the  trained  man.  The  only  difference  between  the 
men  was  the  knowledge  of  what  constituted  contamination  gained 
by  the  college  graduate,  who  was  a  student  of  bacteriology. 

This  example  well  illustrates  the  difficulty  encountered  in  sectiring 
(■lean  milk  by  means  of  police  regulations  only.  Education  must 
1414— Hull.  M~A)'.} 36 
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go  first,  and  the  police  authority  used  only  in  those  cases  where  the 
dairyman  persists  in  wilfully  violating  his  own  knowledge  in  prepar- 
ing his  milk  for  market. 

Any  superficial  compliance  with  police  regulations  becomes  a  farce 
unless  the  dairyman  understands  the  principle  back  of  such  regula- 
tions.    As  an  example: 

Fig.  38  gives  a  graphic  illustration  of  blind  compliance  with  such 
regulations.  A  city  ordinance  required  that  there  must  be  so  many 
feet  of  glass  in  every  stable.  The  l^arn  in  the  photograph  was  one  of 
the  usual  type  of  barn  found  in  Pennsylvania  and  Maryland.  The 
dairyman  put  in  the  required  amount  of  glass  behind  the  shutters! 
This  was  an  extreme  case,  but  the  example  shows  the  probable  out- 
come of  enforcing  regulations  without  giving  instruction  as  to  their 
pui'jjose.  Fig.  39  illustrates  the  same  thing.  The  dairyman  was 
required  to  provide  a  milk  house.  Having  no  knowledge  of  the 
purpose  of  such  a  house  he  followed  the  idea  that  appealed  most  to 
him — that  of  convenience.  This  led  to  the  ridiculous  situation  of  his 
using  a  section  of  the  hog  house  to  keep  his  milk  in.  The  skim  and 
surplus  milk  was  thus  easily  disposed  of,  but  think  of  the  condition 
of  the  milk  that  was  sent  to  market  after  having  been  kept  for  some 
hours  in  such  a  place. 

But  little  impi'ovement  will  come  through  regulations  requiring 
clean  cows,  clean  milkers,  and  clean  methods  of  milking  and  handling 
the  milk  unless  the  dairyman  understands  the  object  of  such  regu- 
lations and  the  effect  they  will  have  on  his  work.  The  officers  in 
charge  of  inspection  must  be  teachei's  first  and  policemen  only  when 
they  find  that  the  dairynum  will  not  live  up  to  the  instructions  given 
him  and  his  knowledge  of  what  is  right. 

MILK  UTENSILS. 

The  milk  pail  should  be  made  so  as  to  reduce  to  a  minimum  the 
amount  of  dirt  and  hair  that  can  get  into  it  during  the  operation  of 
milking.  Fig.  40  shows  various  types  of  pails.  The  wide  tojD  is  in 
most  common  use  and  is  most  objectionable.  The  narrow  top  in 
some  form  or  other  will  undoubtedly  in  time  replace  the  wide  top. 
Pails  and  all  other  vessels  designed  to  hold  milk  should  be  seamless, 
if  possible,  and  where  sisams  must  occur  they  should  be  flushed  full 
and  smooth  with  solder.  There  should  be  no  place  either  inside  or 
out  (hat  can  not  be  reached  witii  the  brush  in  washing.  Heavily 
tinned  utensils  are  recognized  as  the  best  for  milk  pur])oses.  AVood, 
galvanized  iron,  or  any  miitcrial  that  is  rough  or  porous  is  unlit  foi' 
milk  vessels. 

CLEANING   MILK   UTENSILS. 

No  j)art  of  the  dairy  work  is  more  important  than  (he  chvuiiug  of 
the  milk  utensils,  or  is  so  often  neglected.  It  can  not  be  too  .strongly 
emphasized  that  dairy  utensils  nuist,  after  the  milk  is  washed  from 
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tlio  surface  with  warm  water,  be  scalded  with  boiling  water  or  steam. 
Nothing  short  of  this  will  insure  clean  milk. 

MILK  HOUSES. 

JMilk  must  be  removed  at  once  from  the  barn  to  a  clean  place  for 
cooling.  The  milk  house  must  be  provided  with  ample  supi^ly  of  hot 
and  cold  water,  the  necessary  cooler,  and  other  apparatus  and  sujjplies 
for  handling  milk.  The  surroundings  of  the  milk  house  should  be 
neat  and  clean  and  the  air  at  all  times  free  from  objectionable  odors. 
The  following  illustrations  show  good  and  bad  conditions  as  found  in 
inspection  work.  Figs.  41  and  42  are  the  exterior  and  interior  views 
i.f  a  cheap  but  good  milk  house  where  milk  is  sold  from  the  farm  in 
I  Milk.  Cement  finish  on  the  interior  would  be  better  than  the  wood, 
l)iit  the  success  of  this  place  was  due  to  the  scrupulous  cleanliness 
(ihserved,  and  under  these  conditions  the  wood  was  unobjectionable. 
I^'igs.  43  and  44  are  two  very  bad  conditions.  Fig.  43  shows  the  tur- 
keys roosting  in  and  around  the  milk  house  and  on  the  milk  utensils. 
The  building  is  so  open  that  no  protection  is  afforded  from  dirt  and 
iiilruders  of  all  kinds.  Fig.  44  shows  very  untidy  surroundings. 
The  barrels  of  trash  and  old  wheelbarrows  clutter  up  the  yard  and 
make  it  impossible  to  keep  the  premises  clean.  The  door  is  off  its 
hinges  and  altogether  the  place  is  unfit  for  the  handling  of  milk. 
1  ig.  45  shows  the  interior  of  a  small  bottling  plant.  Note  the  cleanli- 
iiiss  of  the  attendant  and  the  j^lace  in  general.  There  is  no  expensive 
machinery,  but  the  milk  sold  from  this  place  is  pure.  Fig.  4G  is  the 
interior  of  a  farm  dairy  room  where  milk  is  sold  at  wholesale.  The 
room  has  an  untidy  appearance.  The  tank  is  located  so  that  it  will 
collect  all  the  dirt  from  the  floor.  The  position  of  the  cans  makes  it 
more  than  probable  that  dirt  will  blow  or  be  swept  into  them  from 
the  floor.  The  ceiling  and  walls  can  not  be  kept  clean,  thei'e  heing 
too  many  places  to  catch  dust  and  cobwebs.  It  will  be  noticed  that 
the  covei"s  of  the  cans  are  not  on  tight.  This  is  a  practice  quite  com- 
mon and  is  due  to  an  idea  that  there  must  be  some  way  for  the  bad 
odors  to  escape.  If  there  are  bad  odors  that  should  escape;  it  is  evi- 
dence that  the  milk  is  not  clean.  Clean  milk  needs  no  other  aeration 
than  that  given  it  during  the  process  of  cooling. 

CARING    FOB   THE   MILK. 

The  bacterial  content  of  the  milk  at  any  time  depends  njion  the  age 
of  the  milk,  the  initial  innnber  of  bacteria  introduced  through  process 
of  milking  and  handling,  and  tiie  temperature  at  which  the  milk  has 
been  kept.  Consequently  clean  milk,  quick  cooling,  and  short  time 
between  milking  and  consumption  are  very  important  factors  in 
securing  pun;  milk. 

A  careful  surv(\y  of  tiie  milk  supply  of  a  ninnber  of  cities  indicates 
that  not  enougli  attention  is  ])ai(l  to  tiiese  factors  either  by  prochicers 
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or  distributors  or  bj'  the  inspection  authorities.  Milk  should  be 
cooled  immediately  and  kept  cool  until  it  is  consumed.  From  the 
farm  to  the  consumer  often  several  agencies  are  employed.  Hauling 
to  the  depot,  holding  at  shipping  point,  transportation  on  the  cars 
and  the  handling  in  the  city  milk  plants  are  each  steps  in  the  procc- 
of  supplying  a  city  that  need  intelligent  and  conscientious  care. 

THE  CITY  DISTRIBUTING  PLANT. 

All  that  has  been  said  about  cleanliness,  surroundings,  and  care  in 
handling  milk  on  the  farm  applies  to  the  city  jilant  where  milk  is  re- 
ceived and  distributed  to  the  consumer.  So  far  as  insanitary  sur- 
roundings are  concerned  it  is  usually  the  smaller  dealer  who  is  the 
greatest  offender.  He  usually  lacks  facilities  for  scalding  or  steriliz- 
ing bottles  and  utensils.  Fig.  -17  shows  a  condition  that  is  in  many 
places  too  common.  Bottles  are  washed  in  lukewarm  water  and  no 
provision  of  any  kind  is  made  for  sterilizing  them.  Children  are  in- 
trusted with  the  work.  Fig.  48  shows  a  condition  somewhat  similar, 
but  the  milk  room  is  in  the  basement  of  a  house  in  which  the  family 
lives.  Family  affairs  and  the  handling  of  the  milk  are  brought  into 
too  close  i^roximity.     The  basement  is  dark  and  ill}'  ventilated. 

Fig.  49  is  much  worse,  the  trap  door  in  the  sidewalk  is  the  only 
means  of  entrance  for  attendants,  light,  and  ventilation.  A  leaky 
sewer  pipe  runs  across  the  ceiling  of  the  cellar.  To  bottle  and  sell 
milk  from  such  a  place  should  be  a  criminal  offense. 

Figs.  50  and  51  are  excellent  views  of  the  sterilizing  room  and  the 
bottling  room  of  a  high-class  city  dairj%  and  show  a  marked  con- 
trast to  the  preceding  illustrations. 

Fig.  52  shows  the  interior  of  a  modern  pasteurizing  and  bottling 
plant.     It  is  ideal  in  every  way  for  such  work. 

It  may  be  said  that  to  require  conditions  like  those  shown  in  P'igs. 
50,  51,  and  52  would  put  all  small  dealers  out  of  business.  This  is  not 
necessarily  true.  There  is  no  reason  why  a  small  dealer  can  not  be  as 
clean  and  careful  in  his  work  as  a  large  one.  Anyone  handling  milk 
in  small  quantities  as  shown  in  Figs.  47,  48,  and  49  could  maintain  a 
place  like  that  sliown  in  Fig.  45,  which  is  on  a  dairy  farm.  If  they 
could  not  tiie  health  of  the  public  demands  that  they  quit  the  business. 

THE  SCORE-CARD  SYSTEM  OF  INSPECTING  DAIRIES. 
For  the  past  three  years  the  Bureau  of  Animal  Industry  through 
the  Dairy  Division  has  been  nuiking  a  thorough  investigation  of  the 
milk  supply  of  a  large  luunber  of  cities  of  the  country  with  a  view  of 
establishing  a  system  of  inspection  and  reporting  on  dairies  that  would 
l)e  com])leti',  comprehensive,  and  meet  the  needs  of  the  jjublic  in  im- 
provement of  tlie  milU  sup]>ly.  Doctor  "Woodward,  Ilealtli  Oflicer  of 
the  District  of  Columbia,  was  the  first  to  introduce  a  score-card  system 
of  reporting  on  dairies.  A  little  later  Prof.  K.  A.  Pearson,  of  Cornell 
University,  introduced  a  card  for  the  s;imc  ])ui|)ose.    These  cards  had 
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nany  good  features,  and  if  they  had  been  generally  adopted  would 
lave  done  much  to  improve  the  dairy  conditions  of  the  country. 

The  Department  of  Agriculture  took  up  the  work  with  the  hope  of 
extending  the  use  of  the  score  card  and  more  thorough  inspection 
thereby.  After  three  years'  work,  scoring  several  thousand  dairies  in 
all  parts  of  the  country,  a  score  card  has  been  adopted  which  has 
been  introduced  in  a  more  or  less  modified  form,  and  is  in  use  in  about 
l60  of  the  larger  cities  of  the  countiy  and  in  many  smaller  ones.  The 
following  are  the  forms  of  the  present  cards  for  farm  dairies  and  city 
milk  plants: 

[United  States  Department  of  Agriculture,  Bureau  of  Animal  Industry,  Dairy  Division.] 

Sanitary  inspection  of  dairies. 

[Adopted  liy  the  Official  Dairy  Instructors'  Association.] 

Owner  or  lessee  of  farm 

P.  O.  addre.ss State 

Total  number  of  cows Number  milking 

Gallons  of  milk  produced  daily 

Product  is  retailed  by  producer  in 

Sold  at  wholesale  to 

For  milk  supply  of 

Permit  No Date  of  inspection ,19 

Ilemarks 


Detailed  score. 


Equipment. 

Score. 

Methods. 

Score. 

Perfect. 

Allowed. 

Perfect. 

Allowed. 

COWS. 

6 

cows. 

8 
6 

C 
2 

3 

health 1 

If  tested  with  tuberculin 

oiifp    ■.    '•.■•.!■    mid    no 

STABLES. 

li;'.r, .,,!.,  ,      1      round, 

Floor 2 

Walls  ..                               1 

iii-i 1  ..lll.'iic'tblg 

:ilii]ii,,l.,  l.-iii„\wi .'-, 

(If  lc,,tiMl  only  OUCH  a  year 

f'i'iling  and  lodges I 

Miini-ir     iiid  partitions..  1 

W   iimI..-.                    1 

and   reacting  animals  found 

:  1  .'  !'■  Ill    ii  milking  time 

i;:iiii\  I'll     .  i.Mn     and     well 

and  rcTnovecl,  2.) 

Comfort 

2 

2 

2 

Koinoval  of  nmrnire  daily  to 

'I'empcTuturo  of  stable. . .  1 

(To  50  feet  from  stable,  1.) 

MILK  ROOM. 

Cleanliness  of  milk  room 

Water.. 

Convenient    and    abun- 
dant   1 
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Detailed  soore — Continued. 


Equipment. 

Score. 

Methods. 

Score. 

Perfect. 

Allowed. 

Perfect. 

Al]owe<l. 

STABLES. 

2 
4 

4 

3 
3 

1 

1 

3 

1 

1 
1 

2 

2 

UTENSILS  AND  MILKING. 

Care  and  cleanliness  of  uten- 

8 

9 

1 
2 

2 
5 

3 
3 

Free  from  contaminating 
surroundings 1 

Thoroughly  washed  and 
sterilized  in  live  steam 

Tiglit,     sound  floor  and 
proper  gutter 2 

Smooth,  tight  walls  and 
ceiling 1 

Proper    stall,    tie,    and 

manger 1 

Light:  Foot  sq.  ft.  of  glass  per 

(Thoroughly    washed    and 
placed  over  steam  jet,  4;  thor- 
oughly washed  and  scalded 
with  boiling   water,  3;  thor- 
oughly washed,  not  scalded, 
2.) 

Inverted  in  pure  air 3 

Cleanliness  of  milking 

Clean,  dry  hands 3 

Udders  washed  and  dried  6 
(Udders  cleaned  with  moist 
cloth,    4;  cleaned    with    dry 
cloth  at  least  15  minutes  be- 
fore milking,  1.) 

HANDLING  THE  MILK. 

Cleanliness  of  attendants 

Milk    removed    immediately 

(Three  sq.  ft.,  3;  2  sq.  ft.,  2: 
1  sq.  ft.,  1.    Deduct  for  un- 
even distribution.) 
Ventilation:   Automatic  sys- 

(Adjustable  windows,  1.) 
Cubic  Jeet  of  space  for  cow:  500 
'      to  1,000  feet. 

(Less  than  500  feet,  2;  less 
than  400  feet,  1;  less  than  300 

feet,  0;  over  1,000  feet,  0.) 

UTENSILS. 

Prompt  cooling  (cooled    im- 
mediately    after     milking 

Efficient  cooling;  below  50°  F. 
(51°  to  55°,  4;  50°  to  60°,  2.) 

abundant.) 

(51°  to  55°,  2;  56°  to  60°,  i.) 
Transportation;  iced  in  sum- 

(For  jacket  or  wet  blanket 
allow  2;  dry  blanket  or  cov- 
ered wagon,  1.) 

(Should  be  in  milk  house, 
not  in  kitchen.) 

MILK  ROOM. 

Free  from  contaminating 

surroundings , 1 

Convenient 1 

Floor,  walls,  and  ceiling .  1 
Light,     ventilation, 

Total 

40 

CO 

Score  for  equipment -(-score  for  methods = ,  final  score. 

Note  1. — If  any  filthy  condition  is  found,  particularly  dirty  utensils,  the  total  score  shall  Vie  limited  to  49. 
Note  2.— If  the  water  is  exposed  to  dangerous  contamination  or  there  is  evidence  of  the  presence  of  a 
dangerous  disease  in  animals  or  attendants,  the  score  shall  be  0. 


[United  States  Department  of  Agriculture,  Bureau  of  Animal  Industry,  Dairy  Division.] 
Sanitanj  inspection  of  city  milh  plants. 


Owner  or  manager Trade  name 

City Street  and  No State. 

JMilk 

Icream 

Permit  or  lluonso  No 1  )ale  of  inspection 


fv 
Number  of  wagons Gallons  sold  daily] 
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Score. 

Remarks. 

Perfect. 

Allowed. 

Milk  room. 

10 

Construction — 

10 

15 
10 

•      1.5 

10 
10 

Equipment — 

Milk. 

Sales  room. 

Wagons. 

Total 

100 

Sanitary  conditions  are— Excellent. 

Suggestions  by  inspector 

Signed 


Good Fair. 


Inspector. 


Sanitary  inspection  of  city  milk  plants  (reverse  side). 
DIRECTIONS  FOR  SCORING. 

MILK  ROOM. 

Location.— li  not  connected  by  door  with  any  other  l)uilding,  and  surroundings  are  good,  10;   when 

connected  with  other  rooms,  such  as  kitchens,  stables,  etc.,  make  deductions  according  to 

conditions. 
Construction.— It  good  cement  floor,  and  tight,  smooth  walls  and  ceiling,  and  good  drainage,  allow  10; 

deduct  lor  cracked  or  decayed  doors,  imperfect  wall  and  ceiling,  etc. 
Cleanliness.— \l  jierfcctly  clean  throughout,  allow  15;    deduct  for  bad  odors,  unclean  floor  and  walls, 

(■■.tuv.lK,  unnecessary  articles  stored  in  room,  etc. 
I.iijlil  nihl  , ,  iiiiliiiion.—'lt  window  space  is  equivalent  to  LV;;,  or  more  of  tlie  floor  space,  allow  o;  deduc 

1  [ioiiit  fur  every  3%  less  than  the  above  amount. 
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Equipment: 

Arrangcmenl.—AUov!  3  points  for  good  arrangement;   if  some  of  the  equipment  is  out  of  doors  o^ 

so  placed  tliat  it  can  not  be  readily  cleaned,  make  deductions  according  to  circumstances. 
Condition.— It  in  good  repair,  allow  4  points;    make  deductions  for  rusty,  worn-out,  or  damaged 

apparatus. 
Construction — 

Sanitary:  If  seams  are  smooth,  and  all  parts  can  be  rejidily  cleaned.  alli>w  2.    Deduct  for 

poor  construction,  from  sanitary  standpoint. 
Durability:  If  made  strong  and  of  good  material,  allow  2.    Deduct  for  light  construction  and 
poor  material. 

Cleanliness. — If  perfectly  clean,  allow  8  points;  make  deductions  according  to  amount  of  apparatus 
improperly  cleaned. 

MILK. 

Handling. — If  milk  is  promptly  cooled  to  60°  F.  or  lower,  allow  12  points:  or  if  pasteurized  at  a  tem- 
perature of  149°  F.  or  above  and  promptly  cooled  to  50°  or  lower,  allow  12  points.  Deduct  1 
point  for  every  2°  above  50°.  If  milk  is  pasteurized  imperfectly,  deduct  6  points.  If  milk  is 
improperly  bottled  or  otherwise  poorly  handled,  make  deductions  accordingly. 

Storage. — If  stored  at  a  temperature  of  45°  F.  or  below,  allow  8  points.  Deduct  1  point  for  every  2° 
above  45°. 

S.VLES   ROOM. 

Location. — If  exterior  surroundings  are  good  and  building  is  not  connected  with  any  other  under  unde- 
sirable conditions,  allow  2;  for  fair  conditions,  allow  1;  poor  conditions,  0. 

Construction. — If  constructed  of  material  that  can  be-kept  clean  and  sanitary,  allow  2;  for  fair  con- 
struction, allow  1;  poor  construction,  0. 

Equipment.— \i  well  equipped  with  everything  necessary  for  thi'  trade,  allow  2;  fair  equipment,  1 ;  poor 
equipment,  0. 

Cleanliness. — If  perfectly  clean,  allow  4  points;   if  conditions  are  good,  2;    fair,  1;   poor,  0. 

WAGONS. 

General  appearance. — If  painted  and  in  good  repair,  allow  2  points;  for  fair  condition,  1;  poor,  0. 
Protection  of  product.-li  product  is  iced,  allow  3  points;  well  protected  but  not  iced,  1;  no  protection,  0. 
Cleanliness. —li  perfectly  clean,  allow  5;  good,  3;  fair,  2;  poor,  0. 

The  iise  of  these  cards  enables  a  more  perfect  study  of  conditions 
in  any  city.  The  results  so  reported  are  comparable  and  can  be 
analyzed  with  greater  ease  and  accuracy. 

The  appKcation  of  the  system  to  the  District  of  Columbia  and 
vicinity  shows  the  following  conditions : 

Eight  hundred  and  eighty-six  dairies  were  given  complete  scores, 
of  wliich  526  were  in  Maryland  and  294  in  Virginia  and  66  in  the 
District. 

The  average  scores  are  as  follows : 

Per  cent. 

District  of  ('oliiml)ia 53. 44 

Virginia 51. 71 

Maryland 40. 42 

Average  of  all 45.  03 

The  greater  bulk  of  milk  comes  from  four  counties  in  wiiich  the 
average  score,  respectively,  is  as  follows: 

I'er  cent. 

Loudoun  (bounty,  Va 55. 00 

Fairfax  Oninty ,  Va 53.  25 

Montgomery  County,  Md 42.  77 

Frederick  County,  Md , 38. 47 
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The  following  table  shows  tlie  number  and  per  cent  of  the  whole 
lUmber  in  each  of  the  three  sections,  District  of  Columbia,  ^Maryland, 
nd  Virginia — scoring  between  0-10,  10  and  20,  20  and  30,  etc. : 

Scoring  from — 

Virginia. 

Maryland. 

District  of  Columbia. 

Number. 

Per  cent 
ofaU. 

Number. 

Per  cent 
ofaU. 

Number. 

Per  cent 
OfaU. 

Oto  10. 

0  to  20.  - 

4 
76 
173 
164 
74 
22 
10 
3 

0.76 
14.44 
32.85 
31.18 
14.01 
4.18 
1.90 
.55 

iO  to  30. 

2.18 
14.96 
28.23 
30.20 
18.02 
4.42 
1.02 
.34 

2 
7 
13 
21 
13 
9 
1 

3.02 

iOto  40. 

44 
83 
89 

10  60 

10  to  50. .    . 

50  to  60 

31.81 

60  to  70 

53 

19.69 

70  to  80 

14 
3 
1 

13.63 

80  to  90 

1.51 

90  to  100 

The  inspection  of  the 

city  mi 

ik  plant 

3  showe 

d  a  better  condition  of 

affairs  in  some  particulars  than  the  inspection  of  the  farms. 

Seventy -four  estabhshments  showed  an  average  score  of  72.58  per 
cent;  4  per  cent  scored  90  or  above;  16  percent  scored  in  the  eighties; 
49  per  cent  scored  in  the  seventies;  25  per  cent  scored  in  the  sixties; 
6  per  cent  scored  in  the  fifties. 

The  average  rating  of  the  dairies  and  city  milk  plants  in  the  vicinity 
of  Washington  does  not  differ  materially  from  that  in  other  parts  of 
the  country.  The  cities  that  have  adopted  the  score-card  system  and 
are  regularly  following  it  up  are  reporting  dairy  conditions  constantly 
improving.  Dealers  take  advantage  of  the  situation  and  bid  up  on 
the  high-scoring  dairies  and  thus  encourage  better  work  on  the  part 
of  the  farmer.  The  dairymen  want  a  high  score  and  by  studying  the 
points  in  the  score  card  are  able  to  improve  their  conditions.  On  sub- 
secjuent  inspection  they  get  a  better  score  in  almost  every  instance. 

A  number  of  cities  publish  from  time  to  time  in  the  local  papers  or 
through  boards  of  health  circulars  the  complete  results  of  the  score. 
This  pubhcity  has  a  very  stimulating  effect  in  inducing  the  dairymen 
and  milk  dealers  to  improve  their  conditions. 

Perhaps  not  the  least  valuable  i)art  of  the  score-card  system  is 
the  demand  it  makes  for  better  and  more  competent  inspectors.  It 
has  usually  resulted  in  the  dissatisfaction  of  inspectors  with  their 
previous  work.  The  study  of  the  prcunises  in  detail  with  the  view 
of  fixing  the  exact  value  of  conditions  requires  better  and  more  con- 
scientious work.  Wherever  the  system  has  failed,  and  there  have 
been  but  one  or  two  such,  it  has  failed  because  the  inspector  did  not 
relish  the  comi)arison  of  the  results  with  his  previous  work. 
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The  photographs  shown  in  tliis  article  were  all  taken  in  the  course 
of  inspection  work.  Many  of  them  were  taken  in  the  \'icinitj  of 
Washington,  l)ut  duplicates  of  these  places  may  be  found  in  aU  parts 
of  the  coimtry.  They  show  that  more  rigid  inspection  is  absohitel\' 
necessary,  that  competent  inspectors  must  be  employed  to  instruct, 
and  where  instruction  is  not  sufficient,  to  demand  a  better  state  of 
affairs.  Laws  and  ordinances  must  be  strengthened  and  the  publi;' 
educated  to  demand  clean  milk  from  clean  dairies. 

One  important  item  that  must  be  borne  in  mind  is  the  fact  that 
to  change  these  conditions  must  create  some  expense  on  the  produce- 
and  the  consumer  must  expect  to  foot  the  bills. 

A  prominent  veterinarian  in  Kansas  City,  Mo.,  recently  said  in 
connection  with  the  milk  supply  of  that  city,  that  the  prevaihng 
price  of  milk  was  based  on  a  system  wliich  required  only  that  the 
solid  and  coarsest  dirt  be  strained  out.  If  the  consumer  wanted 
milk  that  had  been  kept  free  from  such  contamination  he  would  have 
to  pay  for  the  added  cost  of  production. 

In  order  to  carry  into  effect  such  a  sjstem  of  inspection  it  is  recom- 
mended that  there  be  an  inspector  for  apjiroximately  every  100  dairy 
farms.  These  inspectors  shoidd  be  skilled  in  all  c^uestions  pertain- 
ing to  the  production  and  distribution  of  milk.  Five  of  every  ten 
inspectors  so  employed  should  be  skilled  veterinarians  and  the  other 
five  should  have  had  training  in  a  good  dairy  school  or  have  had 
experience  wliich  woidd  be  the  equivalent  of  such  training. 

Inspectors  should  devote  their  entire  time  to  the  work  of  inspection 
and  shoidd  not  be  allowed  to  do  outside  work  that  in  any  way  relates 
to  the  business  of  inspection.  There  shovdd  be  a  chief  inspector 
whose  duty  it  is  to  supervise  all  work  of  inspection;  he  shoidd  be 
responsible  to  the  health  officer.  The  health  officer,  or  board  of 
health,  should  have  full  power  to  make  rules  and  regidations  and 
enforce  the  same  so  as  to  safeguard  the  health  of  the  community 
from  a  contaminated  milk  supply  either  tlirough  carelessness,  igno- 
rance, or  malicious  intent. 

The  following  suggestions  might  well  be  distributed  by  the  health 
officer  and  the  requirement  be  made  that  they  be  posted  in  a  con- 
spicuous place  in  every  barn,  dair>  house,  and  city  milk  plant: 

TWENTY-ONE  SUGGESTIONS. 

TlIK    COWS. 

1.  Have  the  lierd  examinod  froquently  by  a  skilled  vo(eriii;irinn.  Promptly  remove 
any  animals  suspected  of  being  in  bad  health.  Never  add  an  animal  lo  iho  herd  until 
certain  it  is  free  from  disease,  especially  tuberculosis. 

2.  Never  allow  a  cow  to  be  excited  by  hard  driving,  abuse,  loud  talking,  or  unnec- 
essary disturbances;  do  not  unduly  expose  her  to  cold  or  storms. 
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3.  Clean  the  entire  body  of  the  cow  daily.  Hair  in  the  region  of  the  udder  should 
be  kept  short.  Wipe  the  udder  and  surrounding  parts  with  a  clean,  damp  cloth  before 
milking. 

4.  Do  not  allow  any  strong  flavored  feed,  such  as  garlic,  cabbage,  or  turnips,  to  be 
eaten  except  immediately  after  milking. 

5.  Salt  should  always  be  accessible. 

6.  Radical  changes  in  feed  should  be  made  gradually. 

7.  Have  fresh,  pure  water  in  abundance,  easy  of  access,  and  not  too  cold. 

THE    STABLES. 

8.  Dairy  cattle  should  be  kept  in  a  stable  where  no  other  animals  are  housed,  pref- 
erably without  cellar  or  storage  loft.  Stable  should  be  light  (4  square  feet  of  glass 
per  cow)  and  dry,  with  at  least  500  cubic  feet  of  air  to  each  animal.  It  should  have 
air  inlets  and  outlets,  so  an-anged  as  to  give  good  ventilation  without  drafts  of  air  on 
cows.  The  presence  of  flies  may  be  reduced  by  darkening  the  stable  and  removing 
the  manure  as  directed  below. 

9.  The  floor,  walls,  and  ceilings  of  the  stable  should  be  tight,  walls  and  ceilings 
being  kept  free  of  cobwebs  and  whitewashed  twice  a  year.  There  should  be  as  few 
dust-catching  ledges  and  projections  as  possible. 

10.  Allow  no  musty  or  diity  litter  or  strong-smelling  material  in  the  stable.  Store 
manure  imder  cover  at  least  40  feet  from  the  stable  in  a  dark  place.  Use  land  plaster 
daily  in  gutter  and  {in  floor. 

THE    MILK   HOUSE. 

11.  Cans  should  not  remain  in  the  stable  while  being  filled.  Remove  the  milk  of 
each  cow  at  once  from  the  stable  to  a  clean  room;  strain  immediately  through  cotton 
flannel  or  absorbent  cotton;  cool  to  50°  F.  as  soon  as  strained,  store  at  50°  F.  or  lower. 
All  milk  houses  should  be  screened. 

12.  Milk  utensils  should  be  made  of  metal,  with  all  joints  smoothly  soldered,  or, 
when  possible,  should  be  made  of  stamped  metal.  Never  allow  utensils  to  become 
rusty  or  rough  inside.  Use  milk  utensils  for  nothing  but  handling,  storing,  or  deliv- 
ering milk. 

13.  To  clean  dairy  utensils  use  pure  water  only.  First  rinse  the  utensils  in  warm 
water;  then  wash  inside  and  out  in  hot  water  in  which  a  cleansing  material  has  lieeu 
dissolved;  rinse  again;  sterilize  with  boiling  water  or  steam;  then  keep  inverted  in 
pure  air  that  may  have  ready  access,  and  sun  if  possible,  until  ready  for  use. 

MILKING    AND    HANDLING    MILK. 

14.  The  milker  should  wash  his  hands  immediately  before  milking  and  should  milk 
with  dry  hands.  He  should  wear  a  clean  outer  garment,  which  should  be  kept  in  a 
clean  place  when  not  in  use.     Tobacco  should  not  be  used  while  milking. 

15.  In  milking  be  quiet,  quick,  clean,  and  thorough.  Commence  milking  at  tlic 
same  hour  every  morning  and  evening  and  milk  the  cows  in  the  same  order. 

10.  If  any  part  of  the  milk  is  bloody,  stringy,  or  unnatural  in  appearance,  or  if  by 
accident  dirt  gets  into  the  milk  pail,  the  whole  mess  sliould  be  rejected. 

17.  Weigh  and  record  the  milk  given  by  each  cow. 

18.  Never  mix  warm  milk  with  that  which  has  been  cooled,  and  do  not  allow  milk 
to  freeze. 

19.  Feed  no  dry,  dusty  feed  just  previous  to  milking. 

20.  Persons  suffering  from  any  disease,  or  who  have  been  exposed  to  a  tontagious 
disease,  must  remain  away  from  the  cows  and  the  milk. 

21.  It  is  needless  to  say  that  the  shorter  the  time  between  the  production  of  milk 
and  its  delivery,  and  between  delivery  and  use,  the  belter  will  be  (he  (juality  of  llic 
milk. 
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SANITARY  WATER  SUPPLIES  FOR  DAIRY  FARMS. 

By  B.  Meade  Bolton,  M.  D., 

BiocJumic  Division,  Bureau,  of  Ardmal  Industry,  Depart.nnU  of  A.rindture. 

The  importance,  of  sanitary  water  supplies  for  farnis  f,l-^^\^^- 
,„,.,1  to  the  farmer  himself  and  his  immediate  family  but  it  extends 
th    whole  public.     All  products  of  the  '-^^  ^^%^}'''' J^^. 
,„„,es  in  contact  may  be  rendered  dangerous  to  heal  h  by  polluted 
er      All  fruits  and  vegetables  and  receptacles  used  for  col  ectmg 
d  shipping  food  and  the  hands  of  those  who  collect  and  pack  farm 
:    kice  may  be  mfected  by  washing  m  impxire  water      The  mfec- 
n       in  tWs  case  arises  from  the  bacteria  contamed  m  the  water,  and 
■    r    he  bacteria  are  once  conveyed  to  the  food  they  increase  very 
pidly  under  conditions  favorable  to  them.     Many  kinds  of  food 
,2  a  favorable  soil  for  the  growth  of  bacteria,  and  this  is  par- 
I  ly  the  case  .dth  milk.    Milk  constitutes  in  fact  one  of  the  ve  y 
be  t  media  for  the  development  of  many  kmds  of  bacteria^    Even 
S  great  care  and  cleanliness  in  milking,  the  b-teria  w^ch  get 
^to  the  milk  quickly  multiply  to  many  thousands,  unless  the  milk 
f  kep    cll.     Bacterial  contammation  of  milk  arises  no    only  from 
dust   hak    and  filth  at  milking,  but  also  comes  from  polluted  wat  r 
used  by  makers  for  washing  the  hands,  the  udders,  the  milk  pads 
and  cans     The  drops  remaining  in  the  can  after  rinsmg  with  impure 
wa  er  "e  sufficient  to  contaminate  all  the  milk  put  into  the  can,  and 
The  bacteria  introduced  into  the  milk  in  this  way  multiply  rapidly, 
miless  the  milk  is  kept  very  cold.    The  danger  from  polluted  milk  is 
no    onlythat  there  niay  be  microbes  present  which  may  -.ise  specu^l 
diseases  such  as  typhoid  fever  and  scariet  fever,  but  also  that  many 
Wteria  cause  changes  in  the  milk  which  make  it  injurious  to  health, 
^^^l^^  to  children.     In  this  case  the  bacteria    hem- 
seTvTsmayleof  such  a  kind  as  not  to  produce  disease  if  taken  into  the 
stmach  Ilone,  but  they  may  nevertheless  change  the  milk  so  as  to 
iTinke  it  to  all  intents  a  poison.  .     ,     ,        -ii 

The    ame  thing  is  true'more  or  less  with  all  food,  part^ulariy  with 
food  which  is  eaten  raw,  but  it  is  especially  the  case  with  m.lk. 

It  may  not  be  out  of  place  to  correct  an  erroneous  idea  which 
seems  quite   prevalent   i,,    regard   to   milk    contaminat.on    through 
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polluted  water.  The  belief  among  farmers  appears  to  be  quite  wide- 
spread that  milk  may  become  contaminated  by  the  impure  waier 
drunk  by  the  cows,  the  conception  being  that  in  some  way  bacterial 
pass  from  the  stomach  of  the  cow  through  the  udder  into" the  milk. 

There  seems  no  good  reason  for  believuig  that  this  takes  place.  It 
is  true  that  milk  becomes  tainted  by  garlic  and  weeds  which  the  cow 
eats,  but  this  is  a  very  different  matter  from  the  passage  of  bacteria 
from  the  cow's  stomach  into  the  milk.  The  danger  from  bacteria  ii. 
milk  arises  mainly  if  not  wholly  from  the  use  of  unclean  vessels,  and 
from  slovenly  methods  of  handling  the  milk  in  the  case  of  healtiij 
cows.  It  is  true  that  if  the  cow  is  diseased,  particularly  if  tubercu- 
losis exists  or  disease  of  the  udder,  bacteria  may  get  into  the  milk 
from  the  cow. 

While  it  is  true  as  just  stated  that  bacteria  from  foul  water  does 
not  pass  directly  from  the  stomach  of  the  cow  mto  the  milk,  it  is 
nevertheless  important  for  the  health  of  the  cow  to  have  an  abunti- 
ance  of  pure  water  to  drink. 

REaXTIKEMENTS  OF  A  SANITARY  WATER  StTPPLY. 

The  three  factors  necessary  for  a  sanitary  water  supply  are  purity, 
abundance,  and  convenience.  The  most  important  of  these  factors, 
and  that  wliich  has  received  most  consideration  as  a  rule  is  purity. 
It  IS  the  most  obvious  of  the  three  in  importance,  since  people  natu- 
rally prefer  clean,  pure  water,  and  they  are  generally  educated  to 
the  dangers  arising  from  polluted  water  as  a  possible  source  of  in- 
fection. Hygienic  examinations  of  water  supplies  often  begin  and 
end  with  a  determination  of  bacteriological  or  chemical  contamina- 
tion to  the  neglect  of  the  questions  of  proper  location,  abundance, 
and  convemence.  Now,  while  it  is  quite  proper  that  the  purity  of 
the  water  should  receive  the  first  consideration,  the  other  two  factors 
can  not  be  safely  ignored.  The  water  may  be  pure  and  sufficient 
for  drinking  purposes,  and  yet  not  in  sufficient  amount  for  cleanli- 
ness. For  sanitary  ])urposes  it  is  essential  that  the  water  should 
be  m  such  quantity  that  there  is  no  need  for  stinting  in  any  direction. 
It  IS  essential  to  have  abundance  for  personal  cleanliness,  for  the 
laundry,  for  washing  the  utensils  of  the  kitchen  or  dairy,  and  for  the 
premises  generally.  It  should  be  abundant  at  all  seasons.  The  im- 
portance of  the  unrestricted  use  of  water  is  so  great  that  some  hygien- 
ists  for  this  reason  cond(>nin  the  use  of  water  meters  in  private  houses 
in  cities  witli  a  central  water  supply,  because  many  people  are  apt 
to  stint  themselves  if  the  water  is  ])aid  for  by  the  aJnount  used. 

Convenience  is  probably  the  least  important  factor,  but  it  is  never- 
theless essential  for  a  sanitary  water  sui)ply.  It  seems  from  the 
result  of  the  iMsi)ection  of  about  :]()()  farms  aroinul  VVasiiington  that 
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us  requirement  is  more  neglected  than  the  matter  of  polhition  or  of 
.Lindance  Most  farmers  take  pride  in  what  they  regard  as  the 
uritv  and  abundance  of  their  water  supply.  Each  one  m  the 
-udiborhood  will  frequently  boast  of  liis  spring  or  well  m  these 
poets,  but  many  of  them  will  year  after  year  haul  the  water  up  m 
,,ucket  out  of  an  open  well  or  pump  the  water  by  hand  into  a  pail 
r  brin-  it  by  hand  up  hill  from  the  spring.  Where  such  exertion 
.  this  is  necessary  in  good  and  bad  weather  alike  persons  will  resort 
. ,  economy  in  the  use  of  water  for  cleaning  purjwses  at  least. 

Xo  one  rule  for  preserving  health  is  more  important  than  cleanli- 
„.ss  the  frequent  bath,  clean  underwear,  cleanliness  of  vessels  used 
ur  food  particularly  cleanliness  of  receptacles  for  milk,  cleanliness 
,f  .Iwehincr  and  stable.  Nothing  is  so  conducive  to  cleanhness  as  an 
it.undant  and  convenient  supply  of  clean  water  and  anything  which 
a.iUtates  the  unrestricted  use  of  pure  water  is  m  itself  a  hygiemc 

"'"^^^'^^"  SOUBCES  OF  WATER  SUPPLY. 

Of  the  water  which  falls  to  the  earth  as  rain,  hail,  or  snow,  a  large 
IKut  is  evaporated  and  taken  back  up  mto  the  ah-.  Of  the  rest  a 
na-t  runs  off  to  feed  the  brooks  and  rivers,  and  a  part  sinks  into  the 
M,ll      It  is  mainly  the  portion  which  sinks  into  the  ground  which  is 


FIG   53.-Geologlcal  formation  favorable  to  the  obtaining  of  water  by  means  of  artesian  wells. 
Harrington:  Practical  Hygiene;  Phila.  and  N.  Y.,  1901,  p.  3.1. 

of  interest  as  a  source  of  domestic  water  supply  for  the  farm,  for  it 
feeds  the  springs  and  wells.  It  percolates  through  the  .soil  until  it 
reaches  the  so-called  "water  table"  which  is  a  more  or  less  porous 
layer  of  gravel  or  sand  lying  upon  an  impervious  stratum  of  clay  or 
rock  (see  fig.  53). 
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The  water  table  follows  the  <Up  of  the  rock  or  clay  layer  and  is 
consequently  to  be  found  at  various  depths  or  it  may  crop  out  on 
the  surface.  Where  it  crops  up  it  forms  a  spring  where  it  is  tapjx'ii 
by  a  shaft  it  furnishes  the  water  for  a  well.  If  this  water  talkie  lies 
between  two  impervious  layers,  and  if  the  point  at  wliich  the  well 
is  sunk  is  at  a  lower  level  than  any  part  of  the  water  table,  the  water 
flows  out  and  constitutes  an  artesian  well.  In  order  that  the  watci' 
may  come  out  at  the  top  of  the  well  it  is  of  course  essential  that  tlic 
water  table  should  lie  between  two  impervious  layers.  The  upjxr 
of  the  two  may,  however,  be  at  the  surface  of  the  ground.  A  sub- 
artesian  well  is  one  in  which  the  water  comes  up  near  the  top  of  tin 
shaft. 

SOTJBCES  OF  POLLUTION. 

Water  takes  up  some  part  of  evervtliing  with  which  it  comes  in 
contact.  Some  things,  like  common  salt  and  potash,  as  everyoii.' 
knows,  are  readily  dissolved  in  water,  while  many  other  substances 
are  dissolved  in  very  small  traces;  but  the  solvent  action  of  wat el- 
even on  the  hardest  stone  may  be  noticed  in  time.  Not  only  solid 
substances,  but  gases  and  liquids,  as  well  as  living  micro-organisms, 
microscopic  plants  and  animals,  and  minute  particles  of  dust  are  nil 
taken  up  by  water.  From  this  fact  it  is  evident  that  everythinir 
with  wliich  it  comes  in  contact  from  the  time  it  leaves  the  ocean  as 
clouds  to  the  time  it  returns  to  the  ocean  as  rivers  is  taken  uj)  by  tlie 
water  to  a  greater  or  less  extent.  In  other  words  everything  which 
is  foimd  either  disscjlved  or  floating  in  water  except  such  substances 
as  are  introduced  directly,  either  intentionally  or  bj'  accident,  is 
derived  from  the  air  or  soil  tlirough  which  the  water  passes  on  its  way 
from  the  ocean  and  back  again.  On  its  way  through  the  air  the 
water  takes  up  various  gases — oxygen,  nitrogen,  carbon  dioxide, 
ammonia,  and  other  substances  of  tliis  nature  as  well  as  fine  dust 
])articles  and  bacteria.  On  its  passage  through  the  soil  it  dissolves 
various  minerals  from  the  rocks,  such  as  lime  and  magnesia,  and  if 
the  soil  is  ])o]luted  in  any  way,  it  takes  up  whatever  it  can  dissolve 
of  the  pollution.  In  the  upper  laj^ers  of  the  soil  the  water  also  comes 
in  contact  with  bacteria  wliich  cause  its  contamination. 

Many  of  the  substances  taken  up  by  the  water  are  harmless  or  even 
beneficial,  others  are  undesirable,  wliile  others  agaui  may  be  harmful 
in  themselves  or  indicative  of  former  j)ollution.  The  nitrogen  and 
ammonia  from  the  air  are  probably  without  significance  from  a  sani- 
tary point  of  view,  though  these  may  be  of  some  value  in  a  different 
direction,  as  a  source  of  food  for  growing  plants.  The  oxygen  and 
carbon  dioxide  serve  a  useful  purpose  in  giving  life  and  sparkle  to 
tlu^  water  and  in  this  way  impart  an  agreeable  taste.  The  l)acferia 
which  the  water  takes  from  the  air  are  probably  seldom  of  any  signili- 
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Isance,  though  it  is  true  that  occasioually  bacteria  of  certain  diseases 
have  been  fovmd  floating  in  the  air  and  these  may  ))e  taken  up  by  the 
water;  still  this  is  probably  not  frequent  in  rural  districts  at  least. 

The  mineral  matter  taken  up  from  the  soil,  j)articularly  the  salts 
of  lime  and  magnesia,  make  the  water  "hard,"  and  although  this  does 
not  affect  the  health  of  those  who  take  the  water,  imless  the  minerals 
be  present  in  large  amounts,  it  makes  the  water  less  suitable  for  pur- 
poses of  cleanliness.  The  presence  of  sewage  is  of  course  an  indi- 
cation at  least  that  the  water  may  be  injurious  to  health;  for  as  every- 
one knows  outbreaks  of  typhoid  fever  and  of  disorders  of  the  bowels 
have  been  frequently  traced  to  water  that  was  polluted  with  sewage. 

The  substances  other  than  the  bacteria  taken  up  by  the  water  are 
not  themselves  injurious,  but  they  may  be  more  or  less  significant  of 
pollution.  Since  the  disease-producing  property  of  polluted  water  is 
due  to  the  bacteria  wliich  it  contains,  it  would  be  obviously  of  the 
very  greatest  advantage  to  be  able  in  any  given  case  to  detect  the 
presence  of  the  pathogenic  organism  concerned.  It  goes  without 
saying  that  it  would  be  very  desirable  to  be  able  to  state  in  a  given 
case  that  the  germ  of  typhoid  fever  or  of  scarlet  fever  or  of  dysentery 
were  or  were  not  present  in  the  water.  Unfortunately  our  knowl- 
edge has  not  yet  been  advanced  to  the  point  at  wliich  tliis  is  possible. 
There  are  many  instances  on  record  where  epidemics  of  tyjihoid  fever 
have  been  traced  to  certain  water  supplies,  and  yet  the  most  pains- 
takmg  search  has  failed  to  show  the  presence  of  the  bacterium  which 
is  generally  regarded  as  the  cause  of  typhoid  fever.  In  fact  the  cases 
are  comparatively  rare  in  which  this  organism  has  been  claimed  to  be 
detected  in  water  wliich  seemed  beyond  doubt  to  be  the  cause  of 
typhoid  fever.  The  most  that  can  be  accomplished  by  chemical 
analysis  and  bacteriological  examination  of  water  at  present  is  to 
show  with  more  or  less  certainty  the  presence  of  pollution  with  sew- 
age. It  is  not  possible  to  state  positively  as  a  result  of  these  tests 
that  any  given  specimen  of  water,  even  though  it  contain  sewage, 
will  produce  ty])hoid  fever  or  other  gastro-intestinal  disorders  when 
taken  into  the  stomach.  But  it  is  quite  possible  b^/  these  means  to 
show  that  water  is  more  or  less  ])olluted  and  consequently  a  menace  to 
health.  This  is  after  all  probabl}'  as  useful  from  a  practical  sanitary 
j)oint  of  view  as  the  ability  to  detect  the  specific  organism  of  disease 
would  be.  If  by  any  means  it  can  be  shown  that  a  water  supply  is 
polluted  or  even  suspicious  tliis  is  reason  sufficient  for  taking  steps 
to  pre\cnt  the  continuance  of  the  j)ollution  or  failing  in  this  to  con- 
dcMnn  and  close  the  source. 

It  is  rarely  ])ossible  to  form  a  just  o])inion  simj)ly  by  the  examina- 
tion of  samples  of  water  sent  from  a  distance,  for  there  are  other 
factors  to  be  taken  into  consideration.     The  decision  in  regard  to 
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the  potability  of  water  in  any  given  case  is  a  matter  often  requirinj^ 
very  careful  consideration  of  the  results  of  analysis,  along  with  ti 
sanitary  survey  and  a  knowledge  of  the  normal  standards  for  pure 
water  in  the  section  from  wliich  the  sample  is  obtained.  In  formiiiL' 
a  judgment  the  inspection  of  the  premises  and  the  normal  standard 
of  other  waters  in  the  same  region  coming  from  demonstrably  unpol- 
luted sources  must  be  taken  into  account.  Injustice  and  hardshi]) 
have  unquestionably  resulted  from  the  condemnation  of  water  suji- 
plies  on  chemical  and  bacteriological  examinations  alone,  without 
regard  to  local  conditions.  The  standards  of  purity  should  be  estal)- 
lished  for  each  neighborhood  for  itself  by  the  analysis  of  samples 
from  several  supplies  of  unpolluted  water  in  the  locality.  It  by  no 
means  follows  that  what  has  been  found  as  a  standard  for  Massa- 
chusetts or  Michigan  can  be  used  as  a  standard  for  Maryland  and 
Virginia,  nor  that  the  standard  for  even  one  section  in  Virginia  or 
Marjdand  can  be  used  as  a  standard  for  another  part  of  the  sanu- 
States.  In  fact,  of  some  150  water  supplies  on  farms  in  Virginia, 
recently  examined,  it  was  very  apparent  that  certain  substances 
regarded  as  indications  of  pollution  were  present  in  unquestional)ly 
uncontaminated  waters  in  some  localities  in  greatly  larger  amounts 
than  pure  water  in  other  localities  in  the  same  section.  It  does  not 
seem  justifiable  in  the  light  of  the  data  obtained  in  the  examination 
of  these  supplies  to  take  the  standards  laid  down  in  the  books  as  a 
mechanical  and  inelastic  measure  of  the  purity  of  these  waters.  In 
the  statements  just  made  the  chemical  examination  of  water  was 
specially  had  in  mind,  but  the  statements  applj'  equally  well  to  bac- 
teriological examination,  particularly  to  bacteriological  examination 
made  of  water  shipped  from  a  distance  where  judgment  is  pro- 
nounced without  reference  to  local  conditions  or  other  modifying 
circumstances. 

As  in  the  case  of  the  chemical  examination,  the  bacteriological 
examination  as  a  rule  merely  indicates  the  probabilities  in  regard  to 
pollution;  it  does  not  give  in  most  cases  at  least  positive  information 
as  to  the  presence  or  absence  of  organisms  which  would  cause  this, 
that,  or  the  other  disease.  It  is,  moreover,  a  matter  of  experience 
that  the  results  of  a  bacteriological  examination  made  at  one  time 
may  differ  very  decidedly  from  that  made  at  another  time  of  the 
same  water  under  ap|)arently  the  same  conditions.  In  regard  to 
the  detection  of  Bacillus  coli  communifi,  which  is  at  present  regarded 
by  many  as  a  more  or  less  trustworthy  indication  of  contamination, 
recent  examination  of  the  water  supplies  in  Virginia  has  shown  that 
this  organism  was  present  at  one  time  and  not  present  at  anotlier  in 
the  same  water  supply. 

The  significance  of  tiie  colon  bacillus  in  llic  diiiiy  waler  sui)pli(>s 
will  be  discussed  in  a  dill'erent  pa|)er.     It  is  merely  referrcMl  to  hero 
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(ir  the  sake  of  illustrating  the  variations  which  may  occur  in  the 
■csults  of  a  hacteriological  examination  of  water. 

What  has  just  been  said  in  regard  to  the  chemical  and  bacterio- 
uLiiial  examination  of  water  does  not  apply  of  course  to  the  applica- 
ii  n  of  chemical  and  bacteriological  examinations  in  general.  On 
he  contrary,  it  is  possible  to  detect  specific  causes  of  disease  by 
licse  means  in  many  cases.  One  need  only  recall  the  value  of  the 
•licinical  and  bacteriological  examinations  of  urine  in  diseases  of  the 
ixiilncy  and  bladder,  and  of  the  value  of  bacteriological  examina- 
li"iis  in  cases  of  suspected  tuberculosis  and  diphtheria.  But  on  the 
iitlicr  hand  while  such  examinations  of  water  supplies  may  be  of 
viiy  great  value,  they  give  us  only  the  probabilities  in  the  case, 
aiiil  these  probabilities  are  open  to  some  difference  of  opinion  as  to 
tiicir  weight.  The  more  experience  the  observer  has  had  the  less 
iiK  Hned  he  is  to  make  arbitrary  standards  and  the  more  capable  is 
hr  of  forming  a  correct  judgment  in  his  interpretation  of  the  results 
cil'  his  examination.  In  the  examples  given  above  of  the  detection 
111'  kidney  disease  and  of  the  specific  bacteria  in  diphtheria  and 
tulicrculosis,  competent  observers  will  all  readily  agree  in  the  inter- 
])ittation  of  results.  In  the  matter  of  the  probability  of  pollution 
uf  water  there  is  more  room  for  difference  of  opinion  from  results 
of  analysis.  The  various  statements  made  in  text-books  and  in 
monographs  on  hygienic  water  analysis  give  ample  evidence  of  the 
want  of  uniformity  of  opinion  in  tliis  respect.  It  would  seem  essen- 
tial in  all  cases  to  establish  a  standard  of  purity  for  the  region  of 
coiuitry   from   which   any   specimen   of   water  under   consideration 

roiiics. 

riicre  are  competent  observers  with  abundant  experience  who  are 
i Ill-lined  to  question  the  value  of  chemical  and  bacteriological  water 
analysis  in  toto,  and  in  view  of  the  arbitrary  and  mechanical  manner 
in  wliich  the  results  of  these  analyses  are  sometimes  interpreted  this 
attitude  is  justified  to  some  extent.  It  would  seem,  however,  that 
after  the  establishment  of  normal  standards  for  a  given  locality  such 
analyses  are  useful  if  they  are  checked  by  intelhgent  consideration 
of  all  the  conditions  entering  into  the  case  but  no  liard  and  fast 
rules  can  be  applied. 

PURIFICATION  OF  WATER  IN  THE  SOIL. 

While  water  in  its  passage  through  tlie  air  and  through  the  soil 
becomes  contaminated  with  bacteria  which  may  cause  special  disease 
or  disturbance  of  digestion,  it  also  undergoes  on  the  other  hand  a 
process  of  purification,  consisting  in  a  fdtration  of  the  particles  held 
in  suspension.  It  has  been  found  that  at  a  C()nij)aratively  short  dis- 
tance below  the  surface,  4  or  .'j  feet,  there  are  frecpiently  but  few  bac- 
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teria  present  in  the  ground,  antl  the  water  which  percolates  througli 
the  soil,  althougli  it  becomes  contaminated  in  the  upper  layers,  it  is 
rid  of  bacteria  on  its  passage  farther  downward.  Deep  ground  water 
usually  contains  few  bacteria,  but  it  may  become  contaminated 
when  it  is  tapped  for  a  well.  Of  course  if  the  layer  of  soil  through 
which  the  water  percolates  on  its  way  to  the  water  table  is  saturatcil 
with  filth  some  of  the  pollution  may  be  carried  down,  particularly 
if  the  layer  of  soil  is  not  thick. 

PROTECTION  FROM  POLLUTION. 

The  water  supphes  of  farms  consist  of  wells,  springs,  and  cisterns, 
A  recent  inspection  of  the  water  supphes  of  some  .300  dairies  inl 
Marjdand  and  Virginia  showed  that  wells  are  used  much  oftener  onl 
these  farms  than  either  of  the  other  two.     The  proportions  are  aboutf 
5  wells  to  .3  springs  to  1  cistern. 

Since,  as  has  been  stated,  the  sources  of  pollution  are  the  entrance! 
of    sewage   or   other    impurities    through    cracks    and    crevices    orj 
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l''ii:.  64.— .ShowinK  how  a  cesspool  located  on  high  ground  may  fail  to  pollute  a  well  lower  down. 
Harrington:  Practical  Hygiene;  Phila.  and  N.  Y.,  1901,  p.  324. 

t  hrougli  a  porous  soil  that  has  become  saturated  or  finally  by  the  in- 
tentional or  accidental  introduction  of  impurities,  it  is  necessary  to 
guard  against  each  of  these  sources. 


To  guard  against  the  pollution  of  wells  the  location  is  of  impor- 
taiK;e.  Where  it  is  possible  the  ground  sliould  slope  away  naturally 
on  all  sides,  and  the  pump  siiould  be  on  top  of  a  mound  whicii  should 
be  well  sodded  or  cemented  all  around.  Sources  of  domestic  or  of 
otlier  jiolhition  should  be  separated  from  tiie  well  by  an  impervious 
layer  below  ground  to  avoid  tiie  danger  of  pollution  from  seepage. 

Figure  64  siiows  how  a  stratum  of  rock  may  protect  a  well  from 
I)()ilution,  even  wiiere  tlie  drainage  is  toward  the  well. 
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The  following  figure  shows  how  a  cesspool  may  pollute  a  well, 
I  even  though  the  cesspool  is  at  a  lower  level  than  the  tup  of  the  well: 


Fio.  55.— Showing  pollution  of  a  wtll  lj\  a  ^L■s^poul 
Harrington:  Practical  Hygiene 


I  than  the  top  of  the  well. 


Phila.  and  N.  V.,  1901,  p.  324. 


The  grounil  immediately  around  the  well  should  be  protected  from 
stray  animals  by  a  fence  or  otherwise.  The  shaft  of  the  well  should 
be  thorouglily  tight  and  for  tliis  reason  the  use  of  terra  cotta  tiles  or 
metal  pipe,  for  the  shaft  is  to  be  preferred  to  walling  up  with  bricks 
and  mortar.  In  anj-  event  the  space  immediately  around  the  shaft 
proper  should  be  puddled  with  clay  or  cement,  or,  as  advised  by  Koch, 
have  the  uj^per  part  packed  around  with  sand.  The  use  of  open  wells 
or  even  the  use  of  chain  pumps  is  not  to  be  recommended,  since  they 
are  more  or  less  liable  to  pollution  from  the  introduction  of  impurities 
down  the  shaft.  In  all  cases  the  well  should  be  guarded  by  a  tight 
coping  and  cover.  A  device  sometimes  resorted  to,  and  which  is  an 
advantage,  is  to  cover  over  the  well  with  a  tight  cover  and  to  place 
the  pump  to  one  side  of  the  well  shaft  wath  an  elbow  connection. 

A  form  of  well,  known  variously  as  the  tube,  or  driven,  or  Norton, 
or  Abyssinian  well,  is  good  from  a  sanitary  point  of  view.  It  consists 
merely  of  an  iron  pipe  screwed  together  in  sections  driven  down  to  the 
water-bearing  layer.  The  lowest  section  of  pipe  is  armed  with  a  point 
and  is  perforated  with  a  number  of  holes.  In  a  well  of  tliis  character 
there  is  no  danger  from  seepage  into  the  shaft  and  it  is  cheaply  and 
([uickly  constructed.  In  case  one  such  well  fails  to  furnish  sufficient 
water  others  can  be  driven  alongside  and  all  connected  with  one  pump. 

Every  precaution  should  be  taken  to  prevent  the  contents  of  the 
cesspool  soaking  into  the  soil,  for  even  if  the  cesspool  is  at  a  distance 
from  the  well  the  gi-ound  between  will  eventually  become  saturated 
and  fail  to  act  as  a  filter.  As  stated  above,  the  presence  of  an  im])er- 
vious  stratum  between  the  well  and  the  cesspool  is  a  good  i)rotection, 
but  where  such  a  condition  does  not  exist  the  cesspool  should  be  made 
water-tight.  The  crude  methods  of  sewage  (lis|)osal  still  ((uite  com- 
inonly  in  vogue  in  the  country  lead  to  a  continual  menace  of  j)oiiuting 
the  water  supply. 
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The  photograph,  No.  56,  is  of  a  well  which  is  imperfectly  guarded 
against  pollution  and  with  very  slovenly  surroundings.  The  situa- 
tion of  the  well  in  this  case  is  good.  It  lies  at  a  considerably 
higher  level  than  the  barnyard  which  is  below,  and  shown  in  the  left- 
hand  corner  of  the  picture,  and  is  separated  fi-om  the  well  by  a  ledge 
of  rock.  The  domestic  sources  of  pollution  lie  to  the  right  and  are 
several  hundred  feet  away.  The  building  shown  at  the  right-hand 
corner  of  the  picture  is  a  wood  shed.  The  well  is  only  about  7  feet 
deep,  but  it  is  bored  into  the  solid  rock  and  in  spite  of  its  want  of 
depth,  there  would  appear  no  good  reason  why  it  should  not  be  made 
to  fulfill  the  requirements  of  a  sanitary  supply,  but  when  it  was 
inspected  it  was  found  to  have  a  loose  cojiing  and  there  was  no  pro- 
vision against  pollution  due  to  straj"  animals. 

Photograph  No.  57  shows  a  well  bored  into  solid  rock,  and  although 
it  is  only  16  feet  deep  it  would  appear  to  be  well  protected  from  any 
source  of  contanunation.  Besides  the  protection  afforded  by  the 
natural  rock  the  curb  and  cover  are  tight,  and  moreover  the  cover  is 
given  a  slant  so  as  to  shed  water. 

Photograph  No.  58  shows  an  arrangement  which  seems  to  leave 
nothing  to  be  desired.  The  well  in  tliis  case  is  over  100  feet  deep 
tlirough  rock,  the  barnyard  lies  off  to  the  left  and  is  at  least  10  or 
12  feet  lower  than  the  well.  The  dwelling  is  to  the  left  and  in  front, 
and  is  still  lower  and  farther  away  than  the  barn.  The  situation  of 
the  well  is  inside  the  building  near  the  top  of  the  liill,  seen  at  the 
right  of  the  picture.  This  building  is  the  dairy  and  the  floor  is 
cemented,  and  when  it  was  visited  it  was  found  to  be  scrupulously 
clean. 

SPRINGS. 

Much  that  has  been  said  above  in  regard  to  wells  appHes  equally 
to  springs,  but  in  addition  to  the  danger  of  pollution  from  surface 
drainage  and  from  seepage  if  the  spring  is  open  it  is  liable  to  pollution 
from  the  introduction  of  impurities  in  dipping  the  water  out.  This 
source  of  contamination  may  be  guarded  against  by  inclosing  the 
spring  in  a  concrete  ca.sing  on  all  sides  and  providing  a  tight  cover 
and  a  j)ipe  inserted  through  one  side  to  allow  the  water  to  run  out. 
The  cover  should  be  removable,  however,  to  permit  of  the  cleaning 
out  of  the  sand  which  always  in  time  accunuilates  in  the  spring. 
Instead  of  the  concrete  casing  a  section  of  wide  terra-cotta  drain  tiling 
set  in  cement  over  the  point  where  the  water  wells  up  out  of  the  ground 
may  be  used  to  good  advantage.  The  tiling  should  be  provided 
with  a  tight-fitting  cover  and  a  pipe  to  allow  the  water  to  run  off. 
Either  of  these  two  arrangements  obviate  the  danger  of  polluting 
the  water  from  (lif)ping  unclean  vessels  into  it.  Some  springs  excel- 
lently protected  by  a  coping  on  three  sides  and  in  other  ways  are  made 
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liahle  to  pollution  by  having  steps  leading  down  to  the  water's  edge. 
I  ndcr  such  conditions  the  danger  of  introducing  impurities  from  the 
soles  of  dirty  shoes  is  of  course  apparent. 

Unless  a  spring  has  a  tight  coping  on  all  sides  and  is  provided 
V.  ilh  a  tight  cover  and  spout,  so  that  the  water  does  not  have  to  be 
(lipped  up,  it  falls  short  of  the  requirements  of  a  sanitary  supply. 
l''(ir  convenience  the  water  from  the  spring  should  be  conducted  by 
l)i|ie  to  the  house,  dairy,  and  barn. 

In  the  recent  investigation  but  few  springs  were  found  wliich  were 
l)i'iiperly  protected.  Some  of  them  had  cement  or  tight  stone  coping 
(in  tlu-ee  sides  with  steps  leacUng  down  on  the  fourth  side.  Some 
bad  a  tight  coping  on  all  sides,  but  the  coping  was  level  with  the  ground 
and  the  water  thus  exposed  to  pollution.  But  in  many  cases  the 
water  ran  out  of  fissures  in  the  rock  into  a  natural  or  artificial  l)asin, 
or  l)ubbled  up  from  the  bottom  of  such  a  basin.  In  these  springs 
no  special  care  was  exercised  to  guard  against  pollution. 

The  two  pliotographs,  numbers  59  and  60,  given  here  show 
springs  surrounded  on  three  sides  and  over  the  top  by  natural  rock 
but  unprotected  on  the  lower  side  in  each  case,  and  spring  No.  44  is 
remote  from  sources  of  domestic  contamination  though  it  is  in  a 
pasture  lot  and  is  not  fenced  in.  The  dwelling  is  situated  above 
and  several  hundred  feet  away  up  the  liill  shown  to  the  right  of 
the  picture.  The  bam  is  still  farther  away  in  the  same  direc- 
tion. The  ground  intervening  between  the  house  and  the  spring  is  in 
sod.  The  water  is  punrped  up  by  a  windmill  to  a  tank  near  the 
house.     The  spring  could  be  perfectly  protected  with  little  difhculty. 

Spring  No.  60  lies  at  the  foot  of  the  barnyard  hill  and  is  shown 
in  the  picture  to  the  left  of  the  dairy  house.  Some  protection  from 
wandering  stock  is  afforded  by  the  railing  seen  in  the  photograph.  All 
the  surroundings  were  untidy.  There  was  filth  up  at  the  very  etige 
of  the  spring.  The  fence  seen  to  the  left  in  the  photograph  incloses 
the  hogpen,  and  above  to  the  left  is  the  barnyard,  thoiigh  it  is  true 
the  slope  does  not  incline  directly  from  the  barnyard  to  the  spring. 
This  is  naturally  an  excellent  supply  and  coidd  be  made  to  fidfdl  all 
sanitary  requirements. 

(USTERNS. 

Where  there  is  no  spring  and  where  it  is  not  feasible  for  any  reason 
to  sink  a  well  it  becomes  necessary  to  resort  to  cisterns,  and  if  these 
are  properly  constructed  and  operated  they  may  be  made  to  ftdfill  all 
sanitary  requirements.  The  walls  should  be  water-tight,  of  course, 
both  to  prevent  water  from  leaking  out  as  well  as  to  guard  against 
pollution  from  without.  The  best  cisterns  are  those  constructed  with 
two  chambers  divided  by  a  porous  brick  ])artiti()n  through  which  the 
water  is  filtered.     The  water  from  the  roof  is  made  to  nin  into  one 
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chamber  and  is  pumped  out  of  the  other  after  passing  through  the 
partition.  The  rain  pipe  from  the  roof  shoukl  be  providetl  witli  an 
arrangement  for  preventing  the  first  water  which  falls  in  time  of  rain 
from  running  into  the  cistern.  The  advantages  of  this  arrangement 
are  obvious,  since  the  first  water  after  dry  weather  may  become  pol- 
luted with  dust  or  bird  droppings  on  the  roof.  It  will  also  serve  as 
a  cut-ofl^  after  the  cistern  is  filled.  The  water  should  be  frequently 
pumped  out  and  the  cistern  filled  with  fresh  rain.  The  roof  on 
whicli  the  rain  is  caught  should  be  preferably  of  slate.  Water  from 
wooden  shingles  is  often  tainted. 

ABUNDANCE. 

The  above  considerations  apply  only  to  the  purity  of  the  water, 
but  as  stated  in  the  beginning  it  is  not  sufficient  for  the  demands  of 
hygiene  that  the  water  shoidd  be  pure,  it  should  also  be  sufficient  in 
amount  for  thorough  cleanliness.  The  average  amount  of  water  used 
in  various  cities  in  America  and  in  Europe  by  each  inhabitant  per  day 
varies  greatly,  from  15  gallons  in  Vienna  to  100  in  Rome,  108  in  New 
York,  120  in  Detroit,  122  in  Chicago,  111.  But  this  amount  includes 
the  water  used  for  all  purposes,  manufactories,  sprinkling,  etc.  A 
reasonable  average  amount  for  domestic  purposes,  as  stated  by  Ver- 
non Harcourt,  is  25  gallons  per  day  for  each  individual,  and  this  is 
probably  the  amount  which  should  be  allowed  on  farms.  Since  the 
stock  is  usually  watered  at  running  streams  tliis  need  not  be  taken 
into  account  in  the  reckoning.  On  farms  generally  the  supply  is 
ample.  It  may  occasionally  run  short  in  times  of  prolonged  drought, 
but  there  was  no  evidence  of  scarcity  on  any  of  the  dairy  farms 
recently  visited. 

CONVENIENCE. 

Comparatively  few  farmers  seem  to  realize  the  importance  of  con- 
venience in  the  matter  of  water  supplies  even  from  a  purely  economic 
point  of  view,  and  much  less  from  the  bearing  wluch  such  convenience 
has  u])on  (cleanliness  and  consequently  upon  health.  Less  than  one- 
lli'fii  of  the  dairy  farms  recently  inspected  have  windmills,  rams,  or 
other  mechanical  means  of  bringing  the  water  into  the  house  or  dairy. 

Year  after  year  on  many  farms  water  is  pumped  by  hand  or  l)rought 
up  the  hill  from  the  spring  in  buckets  at  the  expenditure  of  a  great 
amount  of  labor  in  the  aggregate.  Where  it  is  at  all  feasible  the 
water  should  be  pumped  into  a  tank  and  conducted  at  least  into  the 
dairy  and  the  kitchen  by  pipe.  Even  where  the  water  has  to  be 
pumped  by  hand  it  is  desirable  to  have  a  tank  for  it  insures  abundance 
for  purposes  of  cleanliness,  but  of  course,  if  feasible,  resort  should  b(> 
had  to  some  mechanical  device,  windmill,  engine,  or  ram  for  forcing 
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w  ;iter  up  to  a  tank  to  furnish  a  convenient  supply  for  the  house, 
barn,  and  dairy,  in  each  of  which  there  shoukl  be  at  least  one  spigot. 
From  the  foregoing  consideration  it  is  evident  that  it  is  not  usually 
a  difficult  matter  to  comply  with  all  of  the  requirenients  of  a  sanitary 
water  supply  on  the  farm.  It  would  appear  to  present  much  fewer 
difficulties  than  the  same  problem  in  towns,  and  seems  to  require  only 
ordinary  intelligence  in  selection  of  the  site  and  subsequent  manage- 
ment besides  a  certain  expenditure  of  time  and  money  necessary  in 
the  construction  of  devices  for  convenience.  Each  supply  presents 
its  own  problem  which  must  be  solved  for  itself  with  proper  recogni- 
tion of  the  objects  to  be  aimed  at,  and  these  are  parity,  abundance, 
and  convenience. 


18.  METHODS  AND  RESULTS  OF  THE  EXAMINATION  OF 

WATER  SUPPLIES  OF  DAIRIES  SUPPLYING 

THE  DISTRICT  OF  COLUMBIA. 
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METHODS  AND  RESULTS  OF  THE  EXAMINATION  OF  WATER 

SUPPLIES  OF  DAIRIES  SUPPLYING  THE  DISTRICT 

OF  COLUMBIA. 


By  B.  Meade  Bolton,  M.  D., 
Biochemic  Division,  Bureau  of  Animal  Industry,  Department  of  Aqriculture. 


The  present  investigation  was  undertaken  in  cooperation  with  the 
Dairy  Division,  Bureau  of  Animal  Industry,  Department  of  Agri- 
culture, and  had  for  its  purpose  the  determination  of  the  general 
sanitary  condition  by  personal  observation  of  the  source  of  the 
supply,  whether  spring,  well,  or  cistern;  the  location,  surroundings, 
apparent  liability  of  pollution  due  to  proximity  to  the  barnyard  or 
domestic  source  of  contamination  or  to  careless  and  slovenly  methods 
of  drawing  the  water;  furthermore  in  each  case  the  purity  of  the 
water  as  indicated  by  the  number  of  bacteria  per  1  cubic  centimeter 
and  the  presence  or  absence  of  the  colon  bacillus  was  determined 
by  bacteriological  exainination  of  specimens  plated  on  the  spot 
and  by  chemical  examination  of  samples  sent  as  promptly  as  feasible 
after  drawing.  The  chemical  examination  was  made  under  the 
direction  of  Dr.  T.  M.  Price,  of  the  local  laboratory  in  Washington. 
The  counting  of  the  plates  to  determine  the  number  of  bacteria  and 
the  culture  tests  for  the  detection  of  the  colon  bacillus  were  made  by 
Dr.  F.  W.  Tilley,  of  the  Biochemic  Division.  Doctor  Tilley  has  also 
assisted  in  the  preparation  of  the  accompanying  tables.  Dr.  E.  M. 
Santee,  formerly  of  the  dairy  division,  made  photographs  in  most 
cases,  and  Mr.  Clarence  B.  Lane,  assistant  chief  of  the  Dairy  Division, 
in  others  of  the  water  supplies  at  the  farms  visited.  Tiiese  have 
all  been  iiichidcd  in  a  separate  report  to  the  chief  of  the  Bureau  of 
Animal  Industry. 

The  investigation  was  started  April  8,  1907,  and  was  continued  with 
some  necessary  interruption  until  Se]>tember  11,1  !)()7.  It  was  made  to 
include  the  dairies  along  the  line  of  t  lie  Southern  Railway  from  Vienna. 
Va.,  to  Bluemont,  Va.,  and  conse(|uently  embraced  those  dairies 
wiiich  shi])  milk  from  Round  Hill,  Purcellviile,  Hamilton,  Sterling, 
Uerndon,  I'aeonian  Sjirings,  Clarkes  Ga]),  Ijcesburg,  Belmont  I'ark, 
Ashbiu'n,  Wiehle,  Hunter,  Vienna,  and  also  embraced  most  or  all 
of  the  dairies  around  Frederick  and  Walkersvillc  in  Maryland.     A 
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bacteriological  investigation  had  already  been  made  and  reported 
upon  by  Mr.  Kellermann,  Bureau  of  Plant  Industry,  of  the  dairies  in 
the  District  of  Columbia  and  in  the  country  immediately  contiguous 
thereto,  and  it  was  not  deemed  necessary  to  duplicate  this  work. 

The  method  of  procedure  in  the  present  investigation  consisted  in 
visiting  from  4  to  8  or  more  dairies  a  day,  and  wliile  the  inspection  of 
the  dairies  and  barns  was  in  progress,  cultures  were  prepared  from 
samples  of  the  water,  and  the  source  and  surroundings  of  the  water 
supplies  were  recorded  in  each  case  upon  a  specially  prepared  blank 
form.  Below  is  given  a  specimen  of  one  of  these  forms  wliich  was 
actually  employed. 

In  these  blanks  the  parts  applicable  in  each  case  were  underscored, 
and  the  names,  dates,  and  remarks  filled  in.  In  the  accompaning 
blank  the  words  which  were  underscored  in  this  case  are  shown,  and 
the  parts  filled  in  are  shown  in  italics. 

Name,  Buckingham  Industrial  School.     Date,  6-10-07. 
Address,  Biickcystown,  Md. 

Covered  open  spring  not  protected  from  surface  drainage  by  tight  coping.  Con- 
ducted through  pipe  by  ram  gravity.  ^ 

Well  bored.  Open  with  bucket  and  windlass.  Pump  suction  chain.  Depth,  109 
feet.     Through  impervious  layer  rock. 

Cistern.  Slate  metal  shingle  roof.  No  means  of  tm-ning  off  first  water.  Brick 
partition. 

Situation  good  fair  bad.  Ground  slopes  aivay  toward  level.  Ground  not  subject 
to  pollution  with  human  or  animal  excrement. 

Remarks:  Well  situated  and  well  protected  in  all  respects.  Pump  inside  inclosed 
base  of  imndmill  tower.  Door  kept  locked.  Water  conducted  through  pipe  to  dairy 
house  about  100  yards  away.     All  sources  of  pollution  remote. 

[Front  face  filled  out  at  the  source  of  supply.] 

Number  of  colonies  per  1  c.  c. ; 
At  3.5°  C.  for  24  hours, 
At  room  temperature  for  48  hours,  210. 

PRESUMPTIVE   TEST   FOR   B.    COLi: 

Numl)er  of  acid-producing  colonics  cm  litmus  agar  per  1  c.  c,  65. 
Neutral — red  agar: 

Fermentation  in  one-tenth  <■.  c,  In  1  c.  c..+ 

Color  in  one-tenth  c.  c, —  In  1  e.  c.,+ 

Milk  coagulated,  reaction  unchanged.  Indol  reaction  present.  Diagnosis  para- 
colon. 

[Reverse  face  lillcd  out  at  the  laboratory.] 

In  addition  to  tiie  cultures,  a  half-gallon  glass-stoppered  bottle 
carefidiy  cleaned  in  tlie  laboratory  was  lilled  with  the  water  under 
ins])ecti()n,  and  slii])ped  to  Washington  for  chemical  examination. 

The  media  employed  for  obtaining  the  cultures  consisted  in  all 
cases  of  litniu.s-lactose  agar,  and   neutral-red-lactose   agar.     These 
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iiKMlia  were  both  prepared  without  the  addition  of  salt,  and  the 
!■  action  was  brought  to  +1.5  American  Pubhc  Health  Association 
s<  ale.  The  neutral-red-lactose  agar  contained  0.1  per  cent  of  a  5  per 
rent  aqueous  solution  of  neutral  red.  The  litmus-lactose  agar  was 
I'liiployed  to  make  Petri  dish  plates.  The  neutral  red-lactose  agar 
\\as  used  for  shake  tubes.  The  amounts  of  water  taken  for  the 
inoculation  of  the  media  were  the  same  in  each  case.  A  sample  of 
the  water  was  caught  in  a  sterilized  test  tube  in  each  case  and  a 
melted  tube  of  each  of  the  media  was  inoculated  by  means  of  a  grad- 
uated sterile  pipette  mth  0.1  cubic  centimeter  of  the  water,  and  one 
tube  each  with  1  cubic  centimeter.  The  litmus-lactose  agar  tubes 
were  poured  into  the  Petri  dishes,  and  the  neutral-red-lactose  agar 
tubes  were  kept  upright  until  the  agar  had  set,  after  the  water  was 
thoroughly  mixed  with  the  medium.  These  plates  and  tubes  were 
shipped  to  Washington  as  promptly  as  feasible,  where  they  were 
taken  in  charge  upon  their  arrival,  and  the  neutral-red-lactose  agar 
tubes  were  put  at  once  into  the  incubator  at  35°  C.  and  left  for 
forty-eight  hours. 

In  order  to  protect  the  pipettes  from  accidental  contamination 
each  was  wrapped  separately  in  a  piece  of  toilet  paper.  A  special 
double  capsule  of  thin  wrapping  paper  was  designed  for  the  protection 
of  the  Petri  tlishes.  This  consisted  of  two  cases,  one  slipping  inside 
the  other  after  the  manner  of  a  pocket  cigar  case.  But  these  were 
abandoned  for  ordinary  manila  paper  bags,  which  answer  the  pur- 
pose very  well  and  are  very  cheap.  The  size  and  kind  of  bag  em- 
ployed were  common  2-pound  bags  with  the  ends  either  folded  over 
or  cut  off.  The  illustration  of  the  traveling  kit  shows  the  pipettes 
and  Petri  di.shes  wrapped  up  as  described. 

In  order  to  prevent  the  water,  which  condenses  on  the  inside  of  the 
cover  of  the  Petri  dishes  when  the  agar  is  poured,  from  condensing 
and  running  on  the  agar,  each  dish  was  covered  with  a  disk  of  filter 
paper  before  sterilization.  In  a  dish  covered  in  this  way  the  water 
condenses  on  the  inside  of  the  cover,  but  it  is  absorbed  by  the  filter 
paper. 

Various  boxes  were  designed  for  carrying  the  necessary  apparatus 
into  the  field,  but  the  field  kit  which  was  found  most  satisfactoiy, 
and  which  was  most  used  consists  of  a  light  wooden  box,  14  inches 
high,  7i  inclies  deep  and  5\  inches  wide,  outside  measurements 
(Fig.  61).  This  box  is  divided  into  2  sections  of  unequal  depth 
liitiged  togetlier.  The  shallower  section  is  2\  inches  deep  inside,  and 
is  divided  into  compartments  for  holding  a  scpiare  can  of  alcohol,  and 
for  test  tubes  of  culture  media  ami  empty  sterilized  test  tubes  for  col- 
lecting samples  of  water.  The  deeper  section  ineaisures  1.'}}  inches  in 
height,  by  4i  inches  in  dejjtli  and  4i  inches  in  width,  and  is  divided 
iiij— ituli.  r.()— o'.> ;{8 
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into  compartments  for  Petri  dishes  and  for  an  alcohol  lamp  and  a  tin 
can  for  use  in  melting  the  media.  As  will  be  seen  in  the  figure, 
provision  for  holding  the  Petri  dishes  in  the  compartment  consists  of 
a  vertical  strip  of  wood  on  either  side  of  the  compartment.  These 
strips  do  not  extend  up  quite  to  the  top,  but  stop  1  inch  short,  so  as 
to  allow  for  slipping  the  dishes  in  in  a  horizontal  position  while  the 


Fio.  61.— Field  kit. 


agar  is  not  yet  firmly  set.  The  compartment  fur  tlic  alcolioi  laini) 
below  that  for  the  Petri  dishes  neetls  no  special  description.  Clips 
made  of  a  clock  spring  serve  to  hold  the  pipettes,  and  these  clips  and 
the  2  cups  for  holding  the  ends  of  the  pipettes  at  the  bottom  maj^  be 
seen  at  eacli  side  of  the  compartments  for  the  lamp  and  the  Petri 
dishes.     Tlie  ci)ni])artiii('iits  for  tlie  test  tubes  and  extra  supply  of 
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Icohol  mil  be  noticed  in  the  illustration.  The  door  wliich  closes  the 
ompartment  for  the  test  tubes  is  hinged  so  as  to  open  downward, 
md  is  kept  from  falUng  entirely  open  by  a  thin  metal  stop  on  either 
ide  The  lamp  (Fig.62)  perhaps  deserves  a  few  words  ot  descrip- 
ion  It  is  a  vapor  lamp  of  the  kind  which  may  be  bought  m  any 
xardware  shop.  But  it  was  fitted  with  a  gauze  cyUnder  resting  on 
he  burner,  and  a  thin  sheet-tin  cliimney,  which  add  greatly  to 
Aie  heating  power,  and  the  tin  cylinder  also  protects  the  flame 
from  the  wind.  It  also  served  the  further  purpose  of  a  support  for 
the  vessel  in  which  the  culture  tubes  were  melted.  A  deep  nar- 
row tin  cup  with  a  wooden  handle  which  just  fit  over  the  tin 
chimney  when  inverted  was  used  to  boil  the  water  to  melt  the  agar 

"iTthe  kit  just  described  it  is  possible  to  accommodate  test  tubes, 
Petri  dishes,  and  pipettes  sufficient  for  making  tests  from  three  or 
four  places,  provided  the  test  tubes  are  moderately  small  m  caliber 
and  tlie  Petri  dishes  not  too  deep.  The  sizes  of  those  winch  were 
found  convenient  are  test  tubes  without  lips  15  miUimeters  in  cham- 
eter  by  150  miUimeters  long,  and  dishes  15  milhmeters  deep  by  100 
milUmeters  in  diameter. 

In  addition  to  the  above  kit,  5  supply  cases  (Fig.b.3),  also  used  tor 
shipping,  were  employed.     Tliis  case,  as  the  accompanymg  illustration 
shows,  consists  of  a  box  vvith  a  deep  lid  hinged  on,  or  more  properly  o 
2  boxes,  one  of  which  is  shallower  than  the  other,  hmged  together  and 
closed  by  a  catch.     One  of  these  compartments  is  fitted  below  tor 
holding  test  tubes;  the  upper  strip  seen  in  the  illustration  can  be 
removed  for  convenience  in  taking  out  the  tubes  and  replacing  them. 
The  narrow  compartment  in  the  upper  part  is  for  pipeites.      I  He 
other  section  is  provided  with  compartments  for  Petri  dishes,  such 
as  described  in  the  field  kit,  and  also  a  compartment  tor  pipettes 
This  compartment  was  used  for  a  supply  of  sterilized  pipettes  and 
the  compartment  for  pipettes  in  the  other  section  was  used  for  the 
pipettes  after  they  had  been  used.     Both  sections  measure  14  inches 
from  front  to  back  and  10  inches  from  bottom  to  top.     The  shallower 
section  is  3  inches  deep  and  the  deeper  section  4^  inches  deep.     The 
compartments  for  the  Petri  dishes  are  4^  inches  wide.      These  are 
inside  measurements.     The  case  accommodates  Petri  dishes  and  test 
tubes  for  about  10  tests  of  the  kind  already  described,  each   test 
requiring   2   tubes  of   neutral-red-lactose  agar,   2   tubes  of   litmus- 
lactose  agar,  1  sterile  empty  test  tube,  1  pipette  and  2  Petri  .lishes. 
One  supply  case  and  the  iiel.l  kit  together  hold  sullu-u-nt.  npiMiratus 

for  about  14  or  15  tests.  ,        •,     i  <   ^  [,. 

The  field  kit  and  one  of  t he  su|.i.ly  cases  just  descrd)ed  were  taken 

alon-  each  day  on  the  circuit  of  dairies  visited  and  as  soon  as  the 
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ilatcs  and  the  shake  cultures  in  neutral-red-hictose  agar  were  made 
li  ■}    were  transferred  to  the  supply  case  and  tliis  was  sliipped  to 


Flu.  63.— Alcohol  vapor  lump  with  thi'  tin  (•yliinlcr  in  place. 

Washington  usually  in  the  evening  of  the  day  on  which  the  cultures 
were  taken. 
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The  cultures  arrived  in  good  condition  except  in  a  few  cases,  and  in 
every  case  it  was  possible  from  one  or  both  Petri  dishes  to  make  a 
determination  of  the  number  of  bacteria  per  1  cubic  centimeter  of  the 
water. 

It  was  found  desirable  to  visit  a  certain  number  of  dairies  a  second 
time  after  an  interval  of  about  four  or  five  months  from  the  date  of 
the  first  visit,  in  order  to  check  up  and  supplement  the  results  ob- 
tained upon  the  first  occasion. 

The  results  of  the  investigation  are  given  in  detail  in  a  report  to 
the  chief  of  the  Bureau  of  Animal  Industry  which  also  includes  de- 
scriptions of  the  places  visited  with  photographs  of  many  of  them. 
In  general  the  results  show  that  there  were  140  places  visited  in 
Maryland  and  15U  in  Virginia.  Of  the  Virginia  dairies,  5.3  were  vis- 
ited a  second  time.  At  some  of  the  dairies  2  ilifferent  supplies  were 
used,  either  2  wells  or  a  well  and  spring  or  either  of  these  and  a 
cistern.  More  wells  than  either  springs  or  cisterns  are  used  and 
'more  springs  than  cisterns.  In  Maryland  there  are  92  wells,  42 
springs  and  14  cisterns.  In  Virginia  75  wells,  63  springs  and  17  cis- 
terns. 

In  assigning  a  rating  from  the  sanitary  survey,  account  was  taken 
of  the  general  lay  of  the  land  roundabout,  the  liability  to  pollution 
from  seepage,  antl  the  liability  to  pollution  by  direct  introduction  of 
impurities  down  the  shaft  in  the  case  of  wells,  and  into  the  basin  in 
the  case  of  open  springs. 

In  pronouncing  upon  the  presence  or  absence  of  pollution  from  the 
result  of  the  chemical  analysis,  it  has  been  necessary  to  assume  some 
linuts  for  purity,  and  from  various  statements  given  in  the  books  and 
from  the  experience  gained  in  the  present  investigation  a  maximum 
of  0.01  parts  per  million  for  nitrates,  0.02  for  free  ammonia  and  0.05 
of  all)iuniiu)i(l  ammonia  were  adopted  as  standards.  The  maximum 
allowed  for  cldorine  varied  of  necessity  for  tlifferent  localities.  In 
the  Marj'land  dairies  the  maximum  found  in  the  well  water  free  from 
suspi(;i(m  was  47  parts  per  1,000,000,  the  minimum  was  5. 

In  the  Marylaiul  springs  otherwise  free  from  suspicion  the  mini- 
mum amount  of  chlorine  was  4  parts  per  1,000,000,  the  maximum  6. 
In  Virginia  some  of  the  wells  wliich  were  free  from  sus])icion  showed 
as  much  as  63  parts  per  1,000,000;  while  others  showed  only  5  parts 
per  1,000,000.  Those  in  Virginia  showing  the  larger  amount  lie  in 
the  region  with  Ashburn  for  a  center  and  extending  west  to  Leesburg 
and  east  to  Ilerndon.  In  this  district  tlie  mininuun  amount  of 
ciilorine  was  11  parts  per  1,000,000;  the  maximum  75.  Outside  of 
thesis  limits  the  amount  of  chlorine  averaged  about  23  parts  per 
1,000,000  in  the  wells  which  showed  no  evidence  of  polluticm  as  far 
IIS  ot  her  criteria  are  concerned. 
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The  minimum  for  the  springs  in  Virginia  showing  otherwise  no 
signs  of  pollution  was  2  parts  per  1,000,000;  the  maximum  20. 

In  regard  to  the  total  number  of  bacteria  per  1  cubic  centimeter  it 
may  be  stated  that  it  was  not  large  as  a  rule  and  in  many  cases  it 
ran  low.  In  the  water  from  wells  in  Maryland  pronounced  good  on 
sanitary  survey  and  which  showed  no  evidence  of  pollution  other- 
wise, the  number  ran  from  10  to  about  500  per  cubic  centimeter, 
except  in  2  cases  where  the  numbers  were  1,580  and  2,900,  respec- 
tively. 

In  the  Maryland  wells  wliicli  were  above  suspicion  the  numbers  ran 
from  15  to  320. 

In  the  Virginia  wells  which  were  above  suspicion  the  number  of 
bacteria  per  1  cubic  centimeter  ran  from  0  to  510.  In  the  Virginia 
springs  which  were  above  suspicion  the  numbers  ran  from  0  to  120, 
exce|)t  in  1  case  where  the  number  ran  up  to  8,900. 

The  jDresence  or  absence  of  B.  coli  in  the  water  of  dairies  is  perhaps 
of  special  significance.  By  some  the  ])resence  of  this  organism  in 
water  is  interpreted  to  signify  that  the  water  is  polluted  with  human 
feces  and  that  if  this  is  true  typhoid  feces  may  gain  access.  The 
presence  of  the  B.  coli  is  thus  regarded  by  some  as  sufficient  ground 
for  condemning  and  closing  the  source  of  supply  in  such  cases.  It  is 
true  that  there  are  others  who  are  more  reserved  in  their  opinion  of 
the  significance  of  the  B.  coli  in  water  and  others  again  who  are 
inclined  to  deny  any  such  significance.  It  is  not  the  purpose  of  the 
present  paper  to  discuss  the  relative  merits  of  any  of  these  views, 
but  to  merely  state  what  would  appear  to  be  the  significance 
of  the  presence  of  B.  coli  in  the  water  supply  of  the  dairies  imder 
examination. 

The  occurrence  of  B.  coli  in  some  of  the  wells  with  apparently  tight 
coping  and  cover,  driven  through  rock,  would  seem  dilficult  to 
account  for.  One  case  in  particular  seems  remarkable.  Well  No. 
24  of  the  Virginia  dairies  seems  peculiarly  well  situated  as  regards 
likelihood  of  pollution  of  any  kind,  and  2  chemical  examinations  nuule 
about  three  months  a])art  failed  to  show  any  itulication  of  pollution. 
It  is  situated  on  the  summit  of  a  high  hill  several  hundred  yards  from 
and  60  or  75  feet  above  the  barnyard,  and  still  farther  and  higher 
above  any  dwelling  house.  The  surroundings  are  all  clean.  The 
ground  is  rock  and  the  pump  is  placed  on  a  high  coping  which  is 
aj)parently  tight.  Yet  the  bacteriological  examination  siiowed  high 
i)acteria  count  on  two  examiiuitions,  too  many  in  -^'o  cubic  centi- 
meter to  count  in  one  case  and  800  per  1  cubic  centimeter  in  the  other. 
B.  coli  was  detected  on  both  occasions.  Other  examples  are  not 
wanting  in  which  similar  results  were  obtained.  The  probability  of 
pollution  with  human  feces  in  all  such  cases  seems  very  remote  if  not 
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quite  impossible.  On  the  other. hand  it  does  not  seem  improbable 
that  the  cover  of  the  well  may  have  minute  cracks  between  the  boards, 
even  where  inspection  fails  to  reveal  any  such  defects,  and  that  filth 
from  the  shoes  may  wash  down  through  these  cracks.  It  is  to  be 
assumed  that  tlais  is  the  case  with  the  well  just  described  and  other 
similar  wells. 

The  presence  of  B.  coli  in  open  springs  and  cisterns  may  also  be  • 
more  readily  explained  by  assuming  its  introduction  through  faulty  '. 
manipulation  than  by  pollution  from  seepage  tlu"ough  the  ground.  '. 
In  the  case  of  open  springs  it  seems  indeed  almost  unavoidable  that  \ 
filth  brought  in  on  the  shoes  should  be  introduced  into  the  spring.  5 
In  bringing  the  milk  from  the  cow  barn  to  the  dairy  more  or  less  cow  v 
dung  is  unavoidably  tracked  on   the  feet  into  the  dairy  and  where    | 
there  is  an  open  spring  it  must  be  defiled  from  time  to  time.     As  cow 
dung  as  well  as  human  feces  contains  B.  coli,  this  would  account  for 
the  frequent  ])resence  of  the  organism  in  the  water  from  s])rings  at 
dairies. 

But  whatever  its  source,  B.  coli  should  be  specially  guarded  against 
in  water  used  for  washing  vessels  for  containing  milk.  For  aside  from 
the  fact  that  its  presence  may  indicate  fecal  pollution,  human  or 
animal,  it  is  likely  to  get  into  the  milk,  and  when  this  occurs  it  multi- 
plies rapidly  and  causes  changes  in  the  milk  which  render  it  unwhole- 
some, particularly  for  children. 

Still  if  the  supposition  stated  above  is  correct  that  B.  coli  gains 
access  to  the  water  through  careless  methods  in  bringing  filth  on  the 
shoes  or  otherwise,  this  can  be  readily  remedied  in  many  cases  by  the 
means  recommended  in  the  article  on  "Sanitary  water  supplies  for 
dairy  farms"  in  this  same  volume. 

A  careful  examination  should  make  it  possible  to  decide  the  cases 
in  which  the  water  supplies  can  be  guarded  against  pollution  in  the 
manner  indicated  and  those  cases  where  no  remedy  seems  available. 
Even  in  cases  where  the  chemical  and  bacteriological  examinations 
fail  to  show  pollution,  it  is  sometimes  apparent  from  a  sanitary  sur- 
vey that  a  water  supply  is  exposed  to  accidental  pollution  from  care- 
lessness and  that  this  thmger  could  be  avoided  by  proper  coping  or 
otherwise.  Dairies  103  and  119  in  Maryland  are  examples  in  point. 
These  dairies  each  obtain  water  froni  open  springs  and  the  location 
is  rendered  bad  by  the  fact  that  in  both  cases  the  barnyard  drains 
toward  the  spring  and  the  surroundings  in  both  cases  are  very  slov- 
enly. It  woukl  seem  that  pollution  from  animal  feces  at  least  would 
most  certainly  occur  at  frequent  intervals.  Yet  the  chemical  and 
bacteriological  examinations  in  these  cases  would  indicate  excep- 
tionally pure  water.  The  fact  that  the  springs  are  both  very  bold 
and  the  supply  of  water  is  constantly  being  renewed  in  large  (pianti- 
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,ies  probably  accounts  for  the  tliscrepancj^.     In  both  of  these  cases 
-he  supphes  might  be  made  to  comply  with  sanitary  laws. 

In  the  following  tal)le  is  a  synopsis  of  the  results  obtained  in  the 
present  investigation. 

The  symbols  used  in  the  column  "Sanitary  rating"  indicate, 
respectivelj',  ''G"  for  good,  "B"  for  bad,  and  (?)  for  suspicious;  in 
the  column  "Chemical  analysis,"  +  for  more  or  less  evidence  of  pol- 
ution  according  to  the  standards  given  —  for  cases  in  which  the 
substances  indicative  of  pollution  were  found  to  be  witliin  limit  pre- 
scribed for  unpolluted  water;  under  B.  coli  communis,  +  for  the 
presence  of  the  organism,  —  for  its  absence.  Thus  in  the  first  line 
it  is  seen  that  there  were  3  of  the  wells  and  3  of  the  cisterns  in  Mary- 
land, and  4  of  the  wells  and  4  of  the  cisterns  in  Virginia  which  were 
apparently  good  as  far  as  sanitary  inspection  showed,  but  which  were 
polluted  according  to  the  chemical  analysis  and  also  contained  B. 
coli,  while  all  the  springs  wliich  are  classified  as  "G"  in  the  table  do 
not  all  come  fully  up  to  sanitary  requirements,  it  was  considered 
advisable  to  classify  those  as  such  wliich  have  no  obvious  sources  of 
pollution  within  a  short  distance  and  which  have  more  or  less  pro- 
vision against  contamination  by  way  of  coping.  In  realitj^  there  are 
very  few  springs  which  come  up  to  the  requirements  stated  in  the 
article  on  "Sanitary  water  supplies  for  Dairy  farms"  in  the  present 
volume. 

Table  I. —  Maryland  dairies. 


Sanitary 
rating. 

Chemical 
analysis. 

B.  coli 
commu- 
nis. 

Number 
of  wells. 

Number 

of 
springs. 

Number 

of 
cisterns. 

G 

+ 

+ 

4 

3 

G 

+ 

6 

4 

G 

+ 

•    8 

2 

2 

G 
G 

? 

+ 

22 
12 

10 

1 

1 

G 

? 

- 

8 

4 

1 

B 

+ 

3 

2 

B 

3 

1 

B 

3 

3 

B 
B 

7 

+ 

3 

1 

3 

6 

1 

B 

7 

- 

1 

1 

1 

+ 

+ 

3 

., 

1 

3 

7 

+ 

2 

1 

? 
? 

7 

+ 

1 

3 

1 

1 

? 

7 

- 

4 

1 

The  salient  points  shown  by  the  above  table  are  that  of  60  wells  in 
Maryland    which    were    ]ironouiic('(l    good    on   sanitary    inspection,  4 
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showed  chemical  and  bacterial  pollution,  ft  showed  chemical  i)ollii- 
tion  only,  8  showed  bacterial  contamination  only,  2'2  showed  neithci , 
20  were  suspicious  chemically,  and  of  these  20  there  were  12  which 
showed  the  presence  of  B.  coli. 

There  were  36  which  failed  to  show  the  presence  of  B.  coli  and  W 
which  did  not  show  chemical  pollution. 

Of  the  17  springs  in  Marylantl  pronounced  good  on  sanitary  inspec- 
tion, 2  showed  bacterial  pollution  alone,  10  were  found  to  be 
impolluted  either  chemically  or  bacteriologically,  5  were  suspicious 
chemically,  and  one  of  these  showed  the  presence  of  B.  coli.  In  all,  14 
did  not  show  B.  coli,  10  cUd  not  show  chemical  pollution,  and  5  showed 
some  evidence  of  chemical  pollution. 

Of  the  14  wells  in  Maryland  wliich  were  pronounced  bad  on  sanitary 
inspection,  6  showed  evidence  of  chemical  pollution,  6  showed  no 
evidence  of  such  pollution,  and  2  were  suspicious.  Three  showed  botli 
chemical  and  bacteriological  pollution  and  3  showed  neither. 

Of  the  19  springs  classed  as  bad  from  the  sanitary  survey,  6  showed 
evidence  of  chemical  pollution,  6  showed  no  evidence  of  chemical 
pollution,  and  3  showed  neither  chemical  nor  bacterial  pollution. 
Seven  were  suspicious  from  chemical  analysis,  and  ft  of  these  con- 
tained B.  coli. 

Of  9  springs  wliich  were  classed  as  suspicious  from  the  sanitary  siu-- 
vey,  3  showed  neither  chemical  nor  bacteriological  pollution.  None 
showed  both. 

All  the  cisterns  showed  either  bacterial  or  chemical  pollution  or 
both. 

Table    II. — Virginia  dairies. 
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conunu- 

Number 
of  wells. 
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Table  II  shows  the  Virginia  dairies  visited  only  once.  Of  the  31 
wells  of  this  series  which  were  pronounced  good  on  sanitary  inspection, 
9  showed  neither  chemical  nor  bacteriological  pollution,  4  showed 
both,  19  showed  B.  coil,  16  showed  chemical  pollution. 

In  the  springs  visited  once,  22  were  ])ronounced  good  on  sanitary 
inspection,  and  8  of  these  showed  neither  chemical  nor  bacteriological 
pollution,  18  of  these  showed  no  chemical  pollution,  9  no  bacterio- 
logical pollution,  1  showed  distinct  chemical  pollution,  and  1.3  bacterio- 
logical pollution. 

Of  the  16  springs  which  were  pronounced  bad  from  the  sanitary 
survey,  5  showed  neither  chemical  nor  bacteriological  pollution,  11 
showed  no  chemical  pollution,  9  showed  no  bacteriological  pollution. 

Only  1  of  the  17  cisterns  showed  neither  chemical  nor  bacterio- 
logical pollution,  7  showed  both,  and  the  others  showed  either  one  or 
the  other  form  of  pollution. 

Table  III. — Virginia  dairies  examined  tmcc. 
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Table  TTI. —  Virginia  dairies  examined  twice — Continued. 
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Table  III  shows  the  Virginia  dairies  which  were  visited  twice. 
Of  tlie  3 1  wells  of  this  series,  1 7  were  rated  good  on  sanitary  survey, 
3  were  rated  as  bad,  11  as  suspicious.  Only  1  of  those  rated  as  good 
failed  to  show  either  chemical  or  bacteriological  pollution.  The  3 
rated  as  bad  all  showed  both  chemical  and  bacteriological  pollution. 

Of  the  21  springs  visited  twice  14  were  rated  as  good  from  the 
sanitary  survey,  5  were  rated  as  bad,  2  as  suspicious.  One  was 
found  unpolluted  chemically  or  bacteriologically  on  both  exami- 
nations, and  the  others  were  found  more  or  less  polluted  either 
chemically  or  bacteriologically  on  one  or  the  other  visit. 

The  above  analysis  of  the  results  seems  to  show  that  there  are 
comparatively  few  water  supplies  on  the  dairy  farms  which  were 
visited  which  are  free  from  sanitary  objection,  but  in  spite  of  this 
fact  it  is  nevertheless  probable  that  in  many  or  most  cases  the  faults 
can  be  rectified.  In  fact  the  faults  have  already  been  corrected  in 
some  cases  where  they  were  pointed  out  to  the  owners  of  the  dairies. 
It  would  seem  advisible  in  some  cases  to  close  up  the  source  of  supply, 
but  in  most  cases  all  that  would  seem  necessary  is  to  point  out  to  the 
dairymen  the  sources  of  pollution,  and  to  give  them  instructions  in 
regard  to  their  avoidance. 


19.  THE  CLASSIFICATION  OF  MARKET  MILK. 
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THE  CLASSIFICATION  OF  MARKET  MILK. 


By  A.  D.  Melvin, 
Chief  iif  the  Bureau  of  Aiiiiiidl  Iniluxtrn,   United  Ktiitcs  Depart meiit   of  Agri- 

eulture. 


In  providing  for  the  classification  of  millv,  the  primary  object  is  to 
exchide  all  milk  which  may  be  harmful  to  the  consumer  and  to  pro- 
vide for  milk  that  will  be  wholesome  and  nutritious.  In  doing  so  the 
restrictions  should  not  be  more  burdensome  than  is  necessary  to  ac- 
complish this  result,  and  should  not  be  so  severe  as  to  lessen  mate- 
rially the  quantity  and  so  eliminate  milk,  on  account  of  increased 
price,  .as  an  article  of  diet  for  the  poor.  In  view  of  the  danger  of 
using  raw  milk  from  diseased  cows,  drawn  in  improperly  constructed 
dairies  and  imder  insanitary  conditions,  and  imj^roperly  handled,  it 
is  imperative  that  no  raw  milk  be  sold  to  the  public  except  when  those 
in  authority  know  that  it  is  safe  to  be  used  in  that  condition. 

Raw  milk  of  the  highest  standard  shoidd  be  produced  for  the  use 
of  infants  and  invalids  and  for  those  who  desire  to  use  only  such 
milk  and  who  are  willing  to  pay  for  the  greater  cost  of  production. 
A  wholesome  supply  of  raw  milk  which  can  be  furnished  without 
involving  unreasonable  cost  should  also  be  provided  for  others.  A 
third  class  includes  undoubtedly  the  largest  proportion  of  milk  which 
is  at  the  present  time  furnished  for  consumption  and  is  unsafe  for 
consumption  in  the  raw  state.  To  remove  immediately  from  con- 
sumption this  latter  supply  would  result  in  such  an  increase  in  the 
cost  of  all  milk  as  to  j^lace  milk  as  an  article  of  diet  beyond  the  reach 
of  the  poor.  It  seems  necessary,  therefore,  to  jirovide  some  means 
of  rendering  safe  all  milk  of  doubtful  quality,  and  this  can  be  done 
under  present  conditions  only  by  pasteurization  under  i)roper  super- 
vision. 

The  tuberculin  (est  wiien  applied  l)y  tlic  Bureau  of  Animal  In- 
dnstry  during  the  period  from  April  1,  1907,  to  June  80,  100!),  to 
2,471  cows  supplying  milk  to  the  city  of  Washington  showed  that 
15.25  per  cent  of  those  tested  were  affected  with  tuberculosis,  and  it  is 
believed  that  just  as  high  a  proportion  of  diseased  cows  will  be  found 
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in  the  dairy  herds  supplying  many  other  cities.  These  cows  should 
be  replaced  by  healthy  ones.  The  work  of  testing  with  tuberculin  all 
cows  supplying  milk  to  a  city  of  considerable  size  is  an  immense 
undertaking  and  must  necessarily  consume  much  time.  Much  time 
is  required  also  in  providing  suitable  cow  stables,  milk  houses,  and  a 
pure  water  supply  in  all  instances  where  such  essential  features  are 
lacking.  Facilities  must  also  be  provided  for  delivering  milk  at  a 
reasonable  temperature. 

It  has  been  demonstrated  that  cows  showing  no  physical  evidences 
of  tuberculosis  may  be  affected  with  tuberculosis  and  secrete  milk 
containing  germs  of  that  disease;  also  that  the  feces  of  such  cattle 
are  contaminated  with  that  bacillus,  and  particles  of  such  feces  can 
readily  gain  entrance  into  milk.  It  seems  important,  therefore,  in 
any  classification  of  milk  for  city  use,  to  i-equire  pasteurization  of  all 
doubtful  milk  for  some  time,  or  imtil  all  doubt  as  to  the  wholesome- 
ness  of  the  milk  is  removed. 

It  is  therefore  recommended  that  milk  be  graded  in  three  classes, 
(1)  certified  milk,  (2)  inspected  milk,  and  (3)  pasteurized  milk,  in 
accordance  with  the  specifications  following,  and  that  this  classifica- 
tion be  embodied  in  laws  and  regulations  and  enforced  by  public 
health  authorities. 

CLASS  1.— CERTIFIED  MILK. 

The  use  of  this  term  should  be  limited  to  milk  produced  at  dairies 
subjec'ted  to  periodic  inspection  and  the  products  of  which  are  sub- 
jected to  frequent  analyses.  The  cows  producing  such  milk  must  be 
pr()|)erly  fed  and  watered,  free  from  tuberculosis,  as  shown  by  the 
Inbcrculin  test  and  physical  examination  by  a  qualified  veterinarian, 
and  from  all  other  communicable  diseases,  and  from  all  diseases  and 
condifious  whatsoever  likely  to  deteriorate  the  miliv.  They  must  be 
housed  in  clean,  properly  ventilated  stables  of  sanitary  construction, 
and  must  be  kept  clean.  All  persons  who  come  in  contact  with  the 
milk  must  exercise  scrupulous  cleanliness  and  must  not  harbor  the 
germs  of  tvphoid  fever,  tubercidosis,  diphtheria,  or  other  infections 
liable  to  be  conveyed  by  the  milk.  Milk  must  be  drawn  under  all 
precautions  necessary  to  avoid  infection,  and  be  immediately  strained 
and  cooled,  packed  in  sterilized  bottles,  and  kept  at  a  temperature  not 
exceeding  50°  F.  until  delivered  to  the  consumer.  Pure  water,  as 
determined  by  chemical  and  bacteriological  examination,  is  to  be 
provided  for  use  throughout  tlie  dairy  farm  and  dairy.  Certified 
milk  should  not  contain  more  than  10,000  bacteria  per  cubic  ccnti- 
metei',  and  should  not  be  more  than  twelve  hours  okl  when  delivered. 
Such  milk  should  be  certified  by  public  health  officers  or  by  some  other 
properly  constituted  authority. 
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CLASS  2.— INSPECTED  MILK. 

This  term  should  be  limited  to  clean  raw  milk  from  healthy  cows, 
as  determined  by  the  tuberculin  test  and  physical  examination  by  a 
qualified  veterinarian.  The  cows  are  to  be  fed,  watered,  housed,  and 
milked  under  good  conditions,  but  not  necessarily  equal  to  the  condi- 
tions prescribed  for  class  1.  All  jiersons  who  come  in  contact  with 
the  milk  must  exercise  scrupulous  cleanliness  and  must  not  harbor 
the  germs  of  typhoid  fever,  tuberculosis,  diphtheria,  or  other  infec- 
tions liable  to  be  conveyed  by  the  milk.  This  milk  is  to  be  delivered 
in  sterilized  containers  and  is  to  be  kept  at  a  temperature  not  exceed- 
ing 50°  F.  imtil  it  reaches  the  consumer.  It  should  contain  not  more  ' 
than  100,000  bacteria  per  cubic  centimeter. 

CLASS  3.— PASTEURIZED  MILK. 

Milk  from  dairies  which  do  not  comply  with  the  requirements  speci- 
fied for  classes  1  and  2  slioidd  be  pasteurized  before  being  sold,  and 
should  be  sold  under  the  designation  ''  pasteurized  milk."  Milk  for 
pasteurization  should  be  kept  at  all  times  at  a  temperature  not  ex- 
ceeding G0°  F.  while  in  transit  from  the  dairy  farm  to  the  pasteuriz- 
ing plant,  and  milk  after  pasteurization  should  be  placed  in  sterilized 
containers  and  delivered  to  the  consumer  at  a  temjDerature  not  exceed- 
ing 50°  F. 

All  milk  of  unknown  origin  should  be  placed  in  class  3  and  sub- 
jected to  clarification  and  pasteurization.  No  cow  in  any  way  unfit 
for  the  production  of  milk  for  use  by  man,  as  determined  upon  phys- 
ical examination  by  an  authorized  veterinarian,  and  no  cow  sulfering 
from  a  communicable  disease  should  be  permitted  to  remain  on  any 
dairy  farm  on  which  milk  of  class  3  is  produced,  except  that  cows 
which  upon  physical  examination  do  not  show  physical  signs  of  tu- 
berculosis may  be  included  in  dairy  herds  supplying  milk  of  this 
class. 

This  milk  is  to  be  clarified  and  pasteurized  at  central  pasteurizing 
plants,  which  should  be  under  the  personal  supervision  of  an  officer 
or  officers  of  the  health  department.  These  pasteurizing  plants  may 
be  provided  either  by  private  enterprise  or  by  the  nuinici]iality,  and 
should  be  located  within  the  city. 

By  the  term  "  pasteurization  "  as  used  herein  is  meant  the  heating 
of  milk  to  a  temperature  of  150°  F.  or  05°  C.  for  twenty  minutes,  or 
160°  F.  or  70°  C.  for  ten  minutes,  as  soon  as  practicable  after  milking, 
in  inclosed  vessels,  prefernbly  tlie  final  containers,  and  after  such 
heating  immediate  cooling  to  a  temix-rature  not  exceeding  50°  F.  or 
10°  C. 
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OTHER  CONDITIONS. 

No  millc  should  be  regarded  as  pure  and  wholesome  which,  after 
standing  for  two  hours  or  less,  reveals  a  visible  sediment  at  the  bot- 
tom of  the  bottle. 

No  dairy  farm  should  be  permitted  to  supply  milk  of  a  higher 
class  than  that  for  which  its  permit  has  been  issued,  and  each  dairy 
farm  supplying  milk  of  a  specified  class  should  be  separate  and  dis- 
tinct from  any  dairy  farm  of  a  different  class.  The  same  owner, 
however,  may  supply  different  classes  of  milk,  providing  the  dairy 
farms  are  separate  and  distinct. 

The  term  "  milk  "  as  herein  used  includes  cream. 


20.  CERTIFIED  MILK  AND  INFANTS'  MILK  DEPOTS. 
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CERTIFIED  MILK  AND  INFANTS'  MILK  DEPOTS. 


By  John  W.  Kerr, 
Assistant  Surgeon-Qenrral ,  Public  IlcaJth  mid  Mariiie-nospital  Service. 


"  She  can  milk  ;  look  you,  a  sweet  virtue  in  a  maid  with  clean  hands." — Shakespeare. 

The  increasing  complexity  of  community  life  with  its  attendant 
evils  has  had  an  influence  in  the  reduction  of  maternal  feeding  of 
infants  and  at  the  same  time  has  rendered  less  accessible  a  supply  of 
•wholesome  artificial  food. 

Educational  measures  are  therefore  demanded  for  the  restoration 
of  the  function  of  the  female  breast.  In  the  meanti:ne  a  pure  supply 
of  cow's  milk  for  clinical  purjDoses  is  of  vital  importance,  a  fact 
becoming  more  and  more  recognized  by  physicians  and  others  inter- 
ested in  the  reduction  of  infant  mortality  and  the  improvement  of 
conditions  among  the  i)oor. 

Its  importance  is  also  emphasized  by  sanitarians,  who  have  reported 
no  less  than  500  epidemics  of  typhoid  fever,  diphtheria,  and  scarlet 
fever  within  the  last  half  century  in  which  the  infection  was  trans- 
mitted by  infected  milk. 

In  consequence  of  a  just  appreciation  of  these  conditions  measures 
have  been  adopted  in  various  sections  of  this  and  other  countries  to 
prevent  the  enormous  waste  of  human  life  which  is  known  to  occur 
within  the  first  year  after  birth — due  mainly  to  a  lack  of  proper  food. 

Through  private  initiative  two  notable  movements  were  started 
in  the  United  States  in  1889  and  1893,  respectively;  the  first  had  for 
its  object  the  control  and  distribution  of  milk  to  infants  of  the  ]>()or 
and  the  education  of  mothers  in  infant  hygiene;  the  second,  the  pro- 
duction under  (he  control  of  a  medical  milk  connnission  of  pure  or 
"  certified  "  milk  for  clinical  purposes. 

CERTIFIED  MILK. 

The  term  "cei'tilied  milk"  was  ctjined  by  I)i-.  Henry  L.  Coit,  of 
Newark,  N.  J.,  who  in  1892  fornmlated  a  plan  for  the  pivxhiction  of 
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pure  milk  under  the  auspices  of.  medical  milk  commissions.     This 
plan  contained  the  following  general  requirements: 

First.  That  physicians  give  their  practical  supiiort  to  an  effort  conducted  by  a 
medical  milk  commission  selected  by  a  medical  society  which  <shall  endeavor  to 
bring  to  the  city  a  supply  of  milk  produced  under  such  regulati(His  that  purity 
shall  be  assured. 

Second.  That  approved  and  trustworthy  dairymen  possessing  honor,  financial 
abilit.y,  and  dairy  facilities  shall  be  induced  by  reason  of  jiromised  medical 
support  and  the  increased  price  of  their  milk  to  conduct  their  dairies,  collect, 
and  handle  the  product  in  conformity  with  the  code  of  requirements  made  by 
the  aforesaid  medical  commission  and  imposed  by  it  in  due  legal  form. 

Third.  That  the  duties  of  the  commission  shall  be,  first,  to  establish  correct 
clinical  standards  of  purity  for  cows'  milk ;  second,  be  responsible  for  a  period- 
ical and  personal  inspection  of  the  dairy  or  dairies  under  its  patronage ;  third, 
.  to  provide  for  bimonthly  expert  examination  of  the  dairy  stock  by  competent 
and  approved  veterinarians  and  for  medical  suiaervision  of  tlie  employees  by 
competent  physicians. 

The  milk  produced  shall  also  be  subject  to  periodical  chemical  anal.Ysis  and 
to,  bacterial  coimts  made  under  the  direction  of  the  commission  as  often  as  in 
its  judgment  is  desirable.  The  experts  employed  by  the  commission  shall 
render  their  reports  to  this  body,  which  constitute  the  basis  of  its  certification 
of  the  product. 

The  expense  of  examinations  and  inspections  shall  be  defrayed  by  the  dairy- 
men; but;  the  members  of  the  commission  shall  receive  no  pa.v  for  their  services 

The  findings  of  the  commission  shall  be  published  to  the  profession  only, 
and  the  milk  thus  produced  shall  be  known  as  "  certified  milk "  and  be  sold 
in  quart  containers  bearing  the  date  of  milking  and  the  seal  of  the  commis- 
sion." 

In  185)3  the  Medical  Society  of  Essex  County,  N.  J.,  adopted  this 
plan  and  organized  the  first  medical  milk  commission  in  the  United 
States. 

A  dairyman  was  found  who  was  willing  to  undertake  the  produc- 
tion of  milk  according  to  the  following  standards  of  purity  formu- 
lated by  Doctor  Coit  in  connectioji  with  the  original  plan : 

First.  An  absence  of  large  numbers  of  micro-organisms  and  the  entire  free- 
dom of  the  milk  from  pathogenic  varieties. 

Second.  Unvarying  resistance  to  early  fermentative  changes  in  the  milk,  so 
that  it  may  be  kept  under  ordinary  conditions  without  extraordinary  care. 

Third.  A  constant  nutritive  value  of  known  chemical  composition  and  a 
uniform  relation  between  the  i)ercentage  constituents  of  fat.  proteid,  and 
carbohydrate. 

The  following  formal  contract  was  therefore  signed  May  19,  1803, 
under  which  periodical  inspections  of  the  dairy,  veterinary  examina- 
tions of  the  herd,  chemical  analyses  and  bacteriological  counts  of  the 
milk  were  instituted : 


"Coit,  II.  L.     Brief  history  of  (lie  dcvclopiiicni  .if  l!ii'  |iurc  milk  movoniont  in 
the  United  States. 
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Copy  OF  THE  Agreement  Between  the  Medical  Milk  Commission  op  Essex 
County,  N.  J.,  and  Stephen  Francisco,  op  Caldwell,  N.  J.,  Dated  May  19, 
1893. 

The  following  agreement,  made  this  19th  day  of  May,  1893,  between  Henry  L.  Ooit, 
M.  D.,  of  Newark,  N.  J.,  Theron  Y.  Sutphen,  M.  D.,  of  Newark,  N.  J.,  William  B. 
Graves,  M.  D.,  of  East  Orange,  N.  J.,  L.  Eugene  Hollister,  M.  D.,  of  Newark,  N.  J., 
Joseph  W.  Stickler,  M.  D.,  of  Orange,  N.  J.,  and  James  S.  Brown,  M.  D.,  of  Mont- 
clair,  N.  J.,  parties  of  the  fii'St  part,  and  Stephen  Francisco,  of  Caldwell,  N.  J.,  party 
of  the  second  part:  Witnesseth  as  follows,  that  the  party  of  the  second  part  doth  hereby 
bind  himself  to  a  fulfillment  of  the  provisions  of  this  contract  for  and  in  consideration 
of  the  benefits  hereinafter  named  by  the  parties  of  the  first  part. 

Furthermore,  the  following-named  persons,  Frank  A.  Wilkinson,  of  Newark,  N.  J., 
Isaac  Lane,  of  Caldwell,  N.  J.,  and  William  Bush,  of  Caldwell,  N.  J.,  all  acquaint- 
ances of  the  party  of  tlie  second  part,  hereby  affix  their  signatures  to  this  agreement, 
attest  to  the  honor  of  the  party  of  the  second  part,  and  become  sureties  for  the  execu- 
tion of  this  agreement. 

1.  The  party  of  the  second  part  doth  hereby  agree  to  conduct  such  parts  of  his  dairy 
as  may  be  hereinafter  named,  collect  and  handle  its  products  in  conformity  with  the 
following  code  of  requirements,  for  and  in  consideration  of  the  promised  indorsement 
of  the  parties  of  llie  first  part,  as  hereinafter  indicated.  The  milk  thus  produced  shall 
be  known  as  certified  milk,  shall  be  designed  especially  f<ir  clinical  purposes,  and 
when  at  any  time  the  demand  shall  be  greater  than  the  supply  and  is  required  by  a 
physician,  either  for  infant  feeding  or  the  diet  of  the  sick,  it  is  hereby  agreed  that 
such  shall  be  the  preferred  purchaser. 

2.  The  party  of  the  second  part  further  agrees  to  pay  for  chemical  and  bacterio- 
logical examinations  of  the  aforesaid  certified  milk  at  such  times  as  in  the  judgment 
of  the  parties  of  the  first  part  is  desirable. 

3.  He  al.so  agrees  to  defray  the  cost  of  a  bimonthly  inspection  of  his  dairy  stock,  or 
oftener,  if  necessary,  by  a  competent  and  approved  veterinarian,  all  of  which  persons, 
namely,  the  chemist,  the  bacteriologist,  and  the  veterinary  surgeon,  shall  be  chosen 
by  the  parties  of  the  first  part,  to  whom  they  shall  render  their  reports  in  writing. 

4.  It  is  expressly  understood  and  agreed  that  the  party  of  the  second  part  shall  not 
pay  more  than  the  sum  of  $500  in  any  one  year  for  the  services  of  chemist,  bacteriolo- 
gist, and  veterinary  surgeon,  and  the  party  of  the  first  part  shall  limit  the  expense  of 
such  service  to  that  amount.  It  is  furthermore  agreed  that  the  party  of  the  second 
part,  on  receipt  of  a  certified  copy  of  the  reports  of  the  experts,  shall  mail  to  the  per- 
sons indicated  by  the  parties  of  the  first  part,  and  not  to  others,  a  duplicate  printed 
copy  of  the  aforesaid  reports  bearing  the  signatures  of  the  experts  and  tlie  names  of 
the  physicians,  the  same  to  be  issued  at  sucli  intervals  as  in  the  judgment  of  the  parties 
of  the  first  part  is  desirable;  also  that  the  necessary  expenditures  for  printing  and  cir- 
culation be  mot  in  the  same  way  as  herein  provided  for  expert  examinations. 

location  of  lands. 

5.  It  is  hereby  understood  and  agreed  that  the  lands  used  by  the  owners,  agents,  or 
assigns  of  the  dairy  conducted  by  the  party  of  the  second  part  and  employed  for  pas- 
turage, or  any  lands  that  may  hi)  hereafter  acquired  for  such  purposes,  or  such  lands  as 
may  be  used  for  the  cultivation  of  hay  or  fodder,  shall  be  subject  lo  the  approval  of 
the  parties  of  the  fiist  pari. 

IiUII.niNG.S. 

0.  It  is  also  understood  and  agreed  that  the  buildings,  such  as  stables,  creamery, 
dairy  house,  and  spring  house,  shall  be  constructed  after  the  most  approved  style  of 
architecture,  in  so  far  as  construction  may  affect  the  health  of  the  dairy  stock  or  the 
character  and  conditions  of  the  milk. 
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7.  That  the  buildings  used  for  the  housing  of  the  animals  shall  l)e  situated  on  ele- 
vated grounds  and>apable  of  being  properly  drained. 

8.  Said  buildings  to  be  sheltered  from  cold  wands,  lighted,  and  ventilated  accord- 
ing to  approved  hygienic  methods.  The  buildings  shall  be  constructed  so  as  to  favor 
the  prompt  and  easy  removal  of  waste  products. 

9.  The  apartments  used  for  the  storage  of  either  feed  or  fodder  shall  be  removed 
from  possible  contamination  by  stable  waste  or  animal  odors. 

10.  All  buildings  shall,  in  addition  to  healthful  location,  approved  construction, 
and  proper  ventilation,  be  kept  free  from  animal  or  vegetable  matter  in  a  state  or  proc- 
ess of  decomposition  or  decay  and  always  free  from  accumulations  of   dust  or  mold. 

THE    WATER   SUPPLY. 

11.  The  dairy  shall  be  supplied  with  an  abundance  of  pure  water. 

12.  No  water  from  shallow  wells  or  springs  holding  surface  drainage  shall  be  used 
for  watering  stock,  cooling  milk,  or  cleaning  vessels. 

13.  Nor  shall  any  well  or  spring  be  located  within  300  feet  of  the  stable. 

SURROUNDINGS. 

14.  It  is  further  understood  and  agreed  that  the  immediate  surroundings  of  the 
buildings  shall  be  kept  in  a  condition  of  cleanliness  and  order.  There  shall  not  be 
allowed  to  accumulate  in  the  \-icinity  any  loose  dirt,  rubbish,  or  decayed  vegetable 
or  animal  matter,  or  animal  waste. 

15.  Nor  shall  there  be  within  300  yards  of  any  building  any  constantly  wet  or 
marshy  ground  or  stagnant  pools  of  water. 

16.  Nor  shall  there  be  kept  within  300  yards  of  any  building  used  for  dairy  purposes 
any  fowl,  hogs,  horses,  or  other  live  stock. 

17.  It  is  hereby  understood  and  agreed  that  the  following  unhealthful  conditions 
shall  be  a  sufficient  reason  to  exclude  any  animal  from  the  herd  used  for  any  purpose 
in  the  aforesaid  dairy.  Any  animal  that  is  judged  by  a  competent  observer  to  suffer 
from  tuberculosis,  even  though  the  disease  be  localized  or  latent. 

18.  Any  animal  with  fever.  Any  animal  suffering  from  septic  absorption  or  other 
disease,  followed  or  associated  with  parturition. 

19.  Any  animal  suffering  from  mammitis  or  mammary  abscess. 

20.  Any  animal  with  persistent  diarrhea  or  any  other  abnormal  physical  condition 
which  could  in  any  way  be  detrimental  to  the  character  of  the  milk. 

21.  It  is  furthermore  agreed  that  when  an  animal  shall  be  found  by  a  competent 
observer  to  be  in  a  state  of  ill  health,  prejudicial  either  to  the  other  animals  in  the 
herd  or  to  human  health,  the  same  shall  be  removed  immediately  and,  if  necessary, 
shall  be  killed. 

22.  It  is  also  understood  and  agreed  that  the  party  of  the  second  part  shall  exclude 
from  the  herd  used  for  producing  certified  milk,  immediately  after  discovery,  any 
animal  subject  to  the  following  conditions:  Any  animal  that  was  bred  through  con- 
sanguinity within  a  period  of  three  generations. 

23.  And  from  this  time  forth  any  animal  of  those  bred  by  the  party  of  the  second 
part  used  for  producing  certified  milk  that  was  not  as  a  heifer  kept  sterile  during  its 
first  27  months. 

24.  Any  phenomenal  milker,  except  that  glandular  di.sease  or  tubrrculo.si.s  has 
first  been  excluded  l)y  a  competent  observer. 

25.  It  is  furthermore  agreed  that  if  at  any  time  it  is  desired  liy  llir  purlies  of  the 
first  part  that  a  different  breed  of  milch  cows  should  be  svibstituted  for  tlie  one  in  use, 
in  order  that  the  standards  of  quality  in  the  milk  may  be  raised,  the  party  of  llio  second 
part  will  endeavor  to  carry  the  same  into  effect. 
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HOUSING    AND   CARE. 

26.  It  is  furthermore  agreed  that  the  dairy  stock  emi^loyed  in  the  production  of  cer- 
tified milk  shall  be  properly  sheltered  from  the  influences  of  weather  and  climate 
prejudicial  to  their  health,  also  that  the  animals  shall  be  kept  clean,  groomed  every 
day,  and  treated  kindly  at  all  times. 

27.  The  waste  products  of  the  stable  shall  be  removed  so  frequently,  and  the  stalile 
floor  so  thoroughly  cleaned,  that  the  same  shall  be  as  free  as  possible  from  animal 
odors. 

28.  It  is  also  agreed  that  no  milch  cow  shall  be  used  for  dairy  purposes  while  in  a 
state  of  excitement,  either  as  a  result  or  during  the  period  of  estrux,  or  which  has  been 
made  nervous  either  by  beating,  whipping,  kicking,  prodding,  or  running. 


29.  It  is  hereby  understood  and  agreed  that  the  methods  of  feeding  the  cows  fur- 
nishing the  certified  milk  shall  be  subject  to  the  approval  of  the  parties  of  the  first 
part.  The  feed  and  fodder  shall  consist  only  of  nutritious  and  wholesome  materials, 
such  as  grass,  clover  and  timothy  hay,  whole  grain,  or  the  entire  result  of  the  grist. 
No  materials  shall  be  employed  which  are  or  may  become  injurious  to  the  health  of  the 
animals.  There  shall  not  be  fed  at  any  time  or  in  any  quantity,  either  alone  or  mixed 
with  other  feed  or  fodder,  hulls,  screenings,  wet  or  dry  brewer's  grains,  sour  ensilage, 
or  any  waste  by-product  in  the  treatment  of  grain,  low  marsh  grass,  or  any  of  the  ques- 
tionable or  exhausted  feeds  or  fodders  employed  either  to  increase  the  milking  capac- 
ity of  the  animal  or  that  will  produce  an  impoverished  milk  or  that  will  impart  to  it 
unnatural  odors  or  flavors.  Nor  shall  the  cows  be  allowed  to  eat  green  or  worm-eaten 
fruit,  poisonous  weeds,  or  to  drink  poisonous  or  stagnant  water. 

COLLECTING    AND    HANDLING. 

30.  It  is  furthermore  understood  and  agreed  that  the  cows  from  which  is  obtained 
certified  milk  shall  be  milked  only  in  a  clean  building  and  not  in  an  illy  ventilated  . 
stable  containing  foul  odors  and  bad  air. 

31.  No  animal  furnishing  certified  milk  shall  be  milked  until  the  udder  shall  first 
have  been  cleaned  in  a  manner  approved  by  the  parties  of  the  first  part. 

32.  No  person  shall  be  allowed  to  draw  the  milk  who  has  not  within  fifteen  min- 
utes of  the  milking  first  washed  his  or  her  hands,  using  soap  and  nail  brush,  and  after- 
wards thoroughly  rinsing  the  hands  in  clean  water. 

33.  The  person  or  persons  engaged  in  milking  shall  also  be  dressed  in  clean  over- 
clothes. 

34.  No  person  shall  be  allowed  to  draw  the  milk  who  has  been  engaged  with  the  care 
of  horses  in  the  same  clothing  or  without  first  washing  his  hands. 

35.  No  milk  shall  be  represented  as  certified  milk  that  is  not  received  from  the 
udder  into  vessels  and  from  these  into  cooling  cans,  both  of  which  are  perfectly  clean 
ami  dry,  having  been  cleansed  and  heated  at  a  temperature  adequate  to  effect  com- 
jiii'to  sterilization  since  the  last  milking,  and  have  been  kept  inverted  in  a  clean,  dry, 
and  odorless  atmosphere. 

30.  No  milk  shall  bo  represented  as  certified  milk  that  has  not  been  passed  through 
a  sieve  of  wire  or  other  cloth,  either  while  milking  or  immediately  thereafter,  having 
not  less  than  100  meshes  to  the  linear  inch. 

37.  No  milk  shall  be  represented  as  certified  milk  that  does  not  consist  of  the  entire 
contents  of  the  udder  at  each  milking,  including  the  fore  milk,  middlings,  and  strip- 
pings. 

38.  No  milk  .shall  be  represented  iis  certified  milk  thai  ba,s  bci'U  drawn  fmm  llu'  ani- 
mal at  abnormal  hours,  such  a,'<  niidnighl  nr  noon,  nor  innn  any  animal  for  a  pcrio<l  of 
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nine  weeks  before  calving,  or  that  has  not  been  separated  for  nine  days  after  parturi- 
tion. 

39.  No  milk  shall  be  represented  as  certified  milk  which  has  been  exposed  to  the 
emanation  or  infection  of  any  form  of  communicable  disease,  either  in  the  person  or 
persons  handling  the  milk  or  by  accidental  contamination  in  cleaning  milk  containers 
or  by  the  association  of  any  person  engaged  in  handling  the  milk  with  person  or 
persons  sick  of  contagious  disease. 

PREPARATION    FOR   SHIPMENT. 

40.  It  is  hereby  understood  and  agreed  that  all  milk  represented  as  certified  milk 
shall  receive  every  known  detail  of  care  that  will  promote  its  keeping  qualities  and 
favor  its  safe  transportation. 

41.  That  the  milk  on  being  drawn  from  the  cow  shall  be  treated  by  ice  or  clean,  cold 
water  in  motion,  and  proper  aeration,  in  order,  first,  to  remove  its  animal  heat,  and 
second,  to  reduce  its  temperature  to  a  point  not  above  50°  nor  below  40°  F.,  said  tem- 
perature to  be  acquired  within  forty-five  minutes  after  milking  and  maintained 
within  the  above  limits  while  held  for  shipment,  during  its  transportation,  and  until 
it  is  delivered  to  the  purchaser. 

42.  That  the  cooling  of  the  milk  shall  not  be  conducted  in  the  same  building  in 
which  it  is  drawn,  nor  in  an  atmosphere  containing  dust  or  tainted  with  animal  odors. 

43.  That  all  the  foregoing  provisions  concerning  the  cleansing  and  condition  of  ves- 
sels or  utensils  shall  be  complied  with  in  the  said  cooling  process. 

44.  It  is  furthermore  agreed  that  no  milk  shall  be  represented  as  certified  milk 
that  has  been  changed  or  reduced  in  any  way  by  the  addition  of  water  or  any  solid 
or  liquid  substance,  in  or  out  of  solution,  or  the  subtraction  or  removal,  in  any  manner, 
of  any  part  thereof. 

45.  It  is  hereby  understood  and  agreed  that  all  milk  to  be  represented  as  certified 
milk  shall  be  packed  in  flint  glass  quart  jars  immediately  after  it  is  cooled. 

4G.  Said  jars  to  be  of  pattern  approved  by  the  parties  of  the  first  part. 

47.  It  is  furthermore  agreed  that  the  bottles  or  jars,  before  being  used,  shall  be 
cleaned  by  hand,  separately,  with  the  aid  of  hot  water,  alkaline  soaps,  rotating  brush, 
and  steam,  and  that  they  shall  be  rinsed  in  two  separate  baths  of  clean,  hot  water  and 
then  thoroughly  dried  and  kept  inverted  until  used,  without  covers,  in  a  clean,  dry 
atmosphere  free  from  odors. 

48.  It  is  agreed  that  the  jars  shall  be  filled  by  a  method  approved  by  the  parties  of 
the  first  part. 

49.  That  they  shall  be  sealed  after  all  air  has  been  excluded  by  the  most  approved 
device  for  closing  tliem. 

50.  The  bottles  after  being  filled  shall  be  labeled  across  the  cap,  bearing  the  words 
"Certified  Milk,"  with  the  name  of  the  dairyman,  together  with  the  date  of  milking. 

51.  It  is  furthermore  agreed,  that  no  milk  shall  be  sold  as  certified  milk  that  is  more 
than  three  hours  old  when  bottled  nor  more  than  twenty-four  hours  old  when  delivered . 

TRANSPORTATION    AND   DELIVERY. 

52.  It  is  hereby  understood  and  agreed  that  the  transportation  and  distribution  of 
all  milk  represented  as  certified  milk  shall  be  conducted  by  the  party  of  the  second 
part,  either  in  person  or  by  persons  employed  by  him. 

53.  That  in  transit  the  milk  shall  not  be  exposed  (o  any  of  tlie  foregoing  prohibitory 
conditions. 

54.  That  it  sHall  not  be  subjected  to  agitation.. 

55.  That  it  shall  not  be  exposed  to  the  heat  of  the  sun. 

50.  That  the  delivery  wagons  shall  be  so  constructed  that  the  required  tempera- 
ture of  the  milk  nuiy  be  maintained  (hiring  transit. 
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57.  That  before  the  wagons  are  filled  for  shipiiiont  tlie  body,  the  trays,  and  compart- 
ments shall  be  flushed  with  boiling  water. 

58.  It  is  furthermore  agreed  that  the  distributing  agents  shall,  during  the  transfer  of 
the  milk  from  the  dairy  to  the  p\irchaser,  be  subject  to  the  following  restrictions, 
namely,  that  they  shall  use  no  tobacco. 

59.  That  they  shall  take  no  intoxicating  drinks. 

60.  That  they  shall  not  collect  the  empty  containers  nor  receive  money  or  milk 
checks  from  houses  in  which  an  infectious  or  contagious  disease  is  known  to  exist. 

61.  It  is  also  hereljy  agreed  that  the  collection  of  empty  bottles  from  places  where 
infectious  or  contagious  disease  is  known  to  exist  shall  be  made  by  other  persons  than 
tho.'^e  employed  to  deli^•er  the  milk. 

62.  That  these  collections  be  made  with  wagons  not  employed  in  the  distribution  of 
the  milk. 

63.  That  before  these  empty  liottles  shall  be  returned  to  the  dairy  they  shall  )je  carried 
to  a  separate  building  and  first  be  subjected  to  tlie  process  of  cleaning  bottles  indicated 
in  a  former  clause  of  this  contract. 

64.  It  is  hereliy  understood  and  agreed  that  if  anyfurther  precautions  or  changes  in 
method  calculated  to  improve  the  quality  of  milk  or  guard  the  same  from  impurities  or 
dangers  is  desired  that  the  party  of  the  second  part  will  cheerfully  be  governed  liy  such 
additional  rules  and  regulations  as  may  be  laid  down  by  theparties  of  the  first  part. 

65.  It  is  understood  and  agreed  by  the  party  of  the  second  part,  the  same  binding  the 
owners,  agents,  or  assigns  of  the  aforesaid  dairy,  that  the  product  known  as  certified 
milk  shall  be  under  the  following  restrictions  in  its  sale,  namely,  that  until  the  amount 
required  within  the  lioundaries  of  Essex  County  shall  first  be  supplied  it  shall  not  he 
sold  beyond  these  limits,  except  that  the  parties  of  the  first  part  shall  give  their  consent. 

66.  It  is  furthermore  agreed  by  the  party  of  the  second  part,  the  same  binding  the 
owners,  agents,  or  assigns  of  the  aforesaid  dairy,  that  in  the  event  of  a  failure  to  comply 
with  any  or  all  of  the  requirements  of  the  foregoing  contract  that  party  of  the  first  part 
shall  reserve  the  right  to  withdraw  from  the  contract  and  publish  the  fact  in  such  man-  • 
ner  as  they  deem  best. 

67.  Finally,  it  is  understood  and  agreed  that  nothing  in  this  contract  shall  prevent  the 
abrogation  of  any  of  the  provisions  of  the  same  by  the  parties  of  the  first  part,  provided 
that  it  shall  he  done  for  the  purpose  of  substituting  other  provisions  designed  to  promote 
the  objects  of  their  organization. 

68.  It  is  further  understood  and  agreed  by  and  between  the  parties  hereto  that  the 
party  of  the  second  part  shall  be  at  liberty  to  cancel  this  agreement  by  giving  two 
months'  notice  in  writing  of  his  desire  to  do  so,  in  case  of  inability  for  any  reason  to 
comply  with  the  terms  of  the  same. 

In  witness  whereof  the  said  parties  have  hereunto  set  their  hands,  the  day  and  year 
first  above  written. 

At  the  suggestion  of  the  commission  the  term  "certified  milk"  was 
copyrighted  by  tlie  Fairfield  Dairy  Company  (the  first  to  produce 
"certified  milk"),  the  object  being  to  prevent  its  use  by  any  except 
medical  milk  commissions  organized  for  the  improvement  of  dairy 
hygiene. 

The  precedent  established  sixteen  years  ago  has  since  been  fol- 
lowed in  many  cities  of  the  country,  and  no  less  than  50  commissions 
have  been  organized  to  encourage  the  production  of  ])ure  milk  for 
clinical  pur])oses.  The  plan  adopted  by  these  commissions  was 
practically  the  3ame  as  that  formulated  by  Doctor  Coit,  whose 
induence  has  been  so  potent  in  the  development  of  the  movement. 
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Upon  investigation,  however,  it  was  found  that  there  was  much 
diversity  as  to  working  details  and  standards  of  purity,  and  a  con- 
ference of  the  various  commissions  was  held  in  Atlantic  City,  June  3, 
1907,  to  discuss  the  various  complicated  phases  of  the  work. 

This  resulted  in  tlie  organization  of  a  national  association  wliich 
has  for  its  object  the  affiliation  of  all  medical  milk  commissions  in  the 
United  States,  the  adoption  of  uniform  workmg  methods  and  stand- 
ards relating  thereto,  and  the  extension  of  the  movement  in  other 
cities. 

It  therefore  becomes  of  interest  to  study  more  in  detail  the  organ- 
ization of  these  commissions,  their  exact  functions,  their  working 
methods  and  standards,  their  altruistic  motives,  and  the  results  thus 
far  accomplished. 

THE    ORGANIZATION    OF    MEDICAL    MILK   COMMISSIONS. 

The  commissions  have  in  most  instances  been  appointed  by  local 
medical  societies  and  practically  all  of  the  members  were,  there- 
fore, physicians.  In  certain  instances,  however,  commissions  have 
been  organized  by  private  clubs  or  medical  societies  in  cooperation 
with  local  business  associations  and  the  membership  has  included 
men  noted  for  their  business  acumen  and  pllilantlu■op^^ 

The  opinion  now  prevails  that  the  medical  milk  commission 
should  be  strictly  a  meilical  organization  with  professional  objects 
for  the  public  good  and  that  the  majoiity  of  its  members  should  be 
physicians.  It  therefore  seems  desirable  that  such  commissions  be 
created  by  medical  societies  and  that  the  members  be  appointee 
annually.  The  membership  of  the  different  commissions  has  usually 
consisted  of  5  to  12  persons,  including  a  chairman,  secretary,  and 
treasurer.  In  two  instances  at  least,  notably  Cincinnati  and  Cleve- 
land, representative  business  men  were  also  included  in  the  member- 
shi[),  thus  lending  encom-agement  and  support  to  the  work. 

It  has  been  suggested  that  the  chief  sanitary  ofhcer  of  the  locality 
should  ])e  a  member  ex-ofllcio  of  each  commission  and  that  this  body 
might  also  act  as  an  advisory  to  the  municipal  bureau  of  milk  inspec- 
tions. Such  an  arrangement  would  appear  to  be  of  mutual  advan- 
tage, as  the  commission  might  thus  lend  its  influence  for  the  im- 
provement of  the  general  milk  supply  and  in  turn  be  provided  with 
laboratory  facilities  and  relieved  of  undue  expense. 

The  members  receive  no  pay  for  their  services,  but  the  experts 
employed  by  the  commissions  in  making  the  necessary  veterinary 
inspections,  chemical  analyses,  and  bacteriological  examinations 
generally  receive  fees.  In  some  instances  these  services  have  been 
performed  by  health  department  officials  or  gratuitously  by  private 
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persons,  and  the  medical  inspections  are  made  by  members  of  the 
commission  without  compensation. 

FUNCTIONS  OF  THE  COMMISSIONS. 

The  nature  of  the  organization  precludes  the  possibility  of  super- 
vising the  production  of  more  than  a  limited  supply  of  milk,  and 
this  should  be  of  such  quality  that  physicians  could  unhesitatingly 
prescribe  it  for  chnical  purposes.  Different  grades  of  milk,  and  even 
cream,  have  been  indorsed  in  some  instances,  but  the  original  pur- 
pose of  the  commission  would  be  better  subserved  by  certifying  to 
only  one  grade  of  milk,  and  tliat  as  pure  as  can  be  produced  with  our 
present  methods.  Such  milk  should  be  available  also  for  use  in  hos- 
pitals and  milk  dispensaries,  and  it  is  clearly  wathin  the  province  of 
commissions  to  foster  its  use  in  such  institutions.  Special  arrange- 
ments have  therefore  been  suggested  whereby  such  supply  can  be 
certified  for  delivery  in  bulk,  provided  the  containers  are  sealed. 

In  certain  instances,  it  has  seemed  wise  to  assume  temporarily 
the  responsibility  of  indorsing  "inspected  milk"  (with  a  bacterial 
count  not  to  exceed  100,000),  but  this  function  should  properly 
be  performed  by  the  mimicipal  authority  who  is  responsible  to  the 
public  for  the  sanitary  condition  of  the  general  milk  supply. 

The  responsibility  of  the  medical  milk  commission  should  be 
limited  to  the  production  of  as  nearly  perfect  milk  as  possible  and 
its  reports  should  be  made  to  the  professional  body  which  it  repre- 
sents, only  simple  statements  being  supplied  to  the  dairies  directly 
interested. 

WORKING  METHODS  AND    STANDARDS. 

While  the  aims  and  general  requirements  of  the  different  com- 
missions are  similar,  there  has  been  considerable  diversity  in  re- 
spect to  details,  most  of  them,  however,  of  a  nonessential  character. 

The  original  plan  outlined  the  fundamental  requirements,  and  it 
remained  for  each  commission  to  develop  working  methods  and 
standards  suitable  to  its  particular  locality. 

In  any  case,  the  commission  agrees  to  certify  to  milk  conforming 
to  its  standards  when  produced  in  well-equipped  dairies  conducted 
in  accordance  with  prescribed  sanitary  requirements. 

In  order  that  tliese  facts  may  be  determined,  a  veterinary  surgeon, 
a  bacteriologist,  and  a  chemist  are  selected  by  the  commission. 

When  a  dairyman  signifies  ids  willingness  to  cooperate  in  the  pro- 
duction of  i)ure  milk,  the  veterinary  surgeon  visits  the  farm  and 
inspects  the  buildings,  their  location,  and  sanitary  condition.  lie 
also  observes  the  hygienic  methods  employed  in  the  production  and 
handling  of  the  milk,  and  physically  examines  the  cows  in  the  herd. 
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This  examination  also  incliulc^s  the  appHcation  of  the  (uljcrcuhn 
test.  These  inspections  are  subsequently  made  at  frequent  inter 
vals  and  reports  are  made  to  the  commission,  the  following  being  a 
convenient  form  in  use  at  Cleveland  and  other  places: 

Inspector's  report.     Dairy  of Date 

Herd :  Milking  cows Dry  cows Hospital  cows 

Cows  recently  calved (lows  added  since  last  report 

Not  yet  tuberculin  tested Quarantined 

Stable:  C!leanliness Ventilation Temperature 

Dairy  building:  Cleanliness Ventilation Temperature 

Other  buildings 

Utensils 

Care  and  cleanliness  in  milking 

Food 

Health  of  employees 

Remarks 

Based  upon  the  foregoing  inspection  made  at  the  request  of  The  Milk  Commis- 
sion of  the  city  of  Cleveland,  I  beg  to  report  that  this  dairy  conforms  to  the  require- 
ments of  said  commission  and  recommend  that  its  milk  be  submitted  to  the  bacte- 
riologist and  chemist  for  their  examinations. 

Signed ,  Vctmnarian. 

The  chemist  and  bacteriologist  each  examine  from  time  to  time 
at  the  discretion  of  the  commission,  samples  of  the  milk  taken  at 
random  or  purchased  on  the  open  market. 

The  former  determines  the  specific  gravity,  acidity,  percentage  of 
fats,  sugar,  proteids,  water  and  mineral  matter  present,  and  the 
presence  or  absence  of  preservatives  and  chemical  adultera-tion. 
The  latter  determines  the  number,  and  so  far  as  practicable,  the 
character  of  bacteria  and  the  presence  or  absence  of  pus  cells. 

The  following  forms  are  convenient  for  rendering  the  reports  of 
these  examinations: 

No Dairy Date 

Distributer Collected  by 

Sealing Date  of  milking 

Hour  collected Temperature  when  collected °F. 

General  condition :  Color Odor Taste 

Separation  of  cream Macroscopic  sediment 

(!homical  composition:  Specific  gravity Acidity Total  solids %. 

Fat %.     Sugar %.     Proteids y? .     Salts '/^ .     Ash %. 

Preservatives Coloring  matters Aihdlcrants 

Remarks 

The  examination  recorded  above,  made  a1   Ibc  recpiest  of  Tli.>  Milk  Commission 


linilk 
leveianci,  snows  a 

the  cominission. 


rhing  the  chcmic;d  slundard  adopted  l)y 


[The  foregoing  card  is  printed  on  pirdv  paper.] 
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No Dairy Date 

Distributer Collected  by 

Sealing Date  of  milking 

Hour  collected Cultures  made Temperature  when  examined °P. 

General  condition:  Color Odor Taste 

Separation  of  cream Macroscopic  sediment 

Bacteriologic  examination:  Media  .' 

Temperature Dilution 

Bacteria  per  c.  c Average 

Pathogenic  bacteria 

Microscopic  examination,  blood,  pus,  tubercle  bacilli,  etc 

The  examination  recorded  above,  made  at  the  request  of  The  Milk  Commission 

of  the  city  of  Cleveland,  shows  a  J  I  reaching  the  bacteriological  standard  adopted 

[cream) 
l)y  the  commission. 

Signed ,  Bacteriologist. 

[The  foregoing  card  is  printed  on  light  bUie  paper.] 
It  is  generally  believed  that  the  bacteriological  examination  should 
be  repeated  once  a  week,  the  chemical  examination  once  a  month, 
and  the  veterinary  inspection  once  a  month — the  tuberculin  test  to 
be  used  on  every  new  cow  added  to  the  herd  and  reapplied  at  least 
once  a  year. 

Inquiry  is  also  made,  usually  by  a  member  of  the  commission 
regarding  the  health  of  employees,  and  in  addition,  the  dairyman  is, 
in  certain  instances  required  to  render  a  regidar  report  regarding  the 
presence  or  absence  of  communicable  diseases  among  the  dairy  per- 
sonnel. The  following  form  is  used  at  Cleveland,  Ohio,  for  tliis 
purpose : 

For  the  information  of  The  Milk  Commission,  I  hereby  answer  the  following  ques- 
tions for  the  week  ending ,19     . 

I.  Are  any  of  the  men  handling  milk  at  your  farm  ill  with  any  communicable  dis- 
ease?      

II.  Is  there  any  communicable  disease  in  the  families  with  which  they  are  con- 
nected?      

III.  Have  any  been  in  contact  with  any  communicable  disease  and  then  excluded 
from  the  milking  place?     

IV.  Shipments  of  certified  milk  and  cream  in  past  week: 

(a)  Quarts  of  certified  milk (b)  Pints  of  certified  cream 

(c)  Bottles  of  certified  milk (d)  Bottles  of  certified  cream 

V.  How  many  unbroken  boxes  of  caps  have  you?     

Signed  

Upon  these  reports  the  commission  bases  its  action  in  respect  to 
certification  and  the  certificates  are  renewed  once  a  month. 

The  dairyman  is  thus  authorized  to  indicate  such  indorsement, 
either  by  using  on  his  bottle  a  cap  bearing  (he  name  of  the  Medical 
Milk  Comniissi(m  and  the  term  "certified  milk"  or  a  copy  of  the 
certificate. 
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In  New  York  the  law  forbids  tlio  use  of  the  term  "certified"  on  the 
cap  linless  accompanied  by  the  name  of  the  society  which  ceilifies 
it.  The  laws  of  Kentucky  and  New  Jersey  also  forbid  unwarranted 
use  of  the  term,  and  in  some  other  places  the  certificates  bear  a 
copyrighted  monogram  to  prevent  their  fraudulent  use. 

The  following  are  examples  of  these  methods  of  designatinj^  such 
milk: 


Ptalladalphla  Pediatric  Society. 
MILK  COMMISSmaUfBRTIKICATB. 

Milk  frb^rSwpVAWA  Dairy,  DelB- 
ware  C0.,  Fa.,  ^^^ttlijff^^J"  ^■^oi^"**^  by 
experts  of  the  MilH^Miwilslfcn  and  found 
to  be  up  to  tlie  TcaimQ^iitibirds.  Another 
examination  is  t^^q  jnade^wth'n  a  month, 
and.  if  satisiJlLiji  ji  I  lu^^labeis  for  the 
bottles   will   be   issueilJ  dated   Oct.    10,    1907. 

XoMct  the  D<M».     ^^^i  ^^.  <     ■ 


When  the  certificate  form  is  used  it  is  placed  between  the  cap  and 
a  parchment  covering  the  neck  of  the  bottle,  and  in  either  case  the 
date  of  milking  must  appear,  a  rubber  or  impression  stamp  being  used 
for  the  purpose. 

In  some  instances  the  bottles  are  hermetically  sealed  with  paraffin, 
which  is  protected  by  parchment,  tin  foil  or  tin  covers  bearing  the 
term  "certified,"  the  name  of  the  dairy  and  the  name  of  the  Medical 
Milk  Commission.  The  caps  are  sometimes  sold  to  the  dairjTuen  by 
the  commissions  and  fimds  are  thus  provided  for  defraying  the  nec- 
essary expenses,  including  inspections,  chemical  analyses,  etc.  In 
other  instances  famds  are  provided  by  the  medical  society,  the  dairy- 
man or  by  means  of  a  bottle  tax. 

STANDARDS    OF    PURITY. 

The  bacterial  content  of  milk  has  been  accepted  as  the  most  practical 
index  of  the  care  used  in  its  production  and  transportation.  Bac- 
terial standards  for  certified  milk  have  therefore  been  adopted,  which 
limit  tlie  number  of  bacteria  and  require  the  absence  of  pathogenic 
organisms.  The  numerical  standard  is  in  most  cases  a  maximiim 
limit  of  10,000  bacteria  per  cubic,  centimeter.  The  results  in  differ- 
ent cases  no  doubt  vary  somewhat,  but  with  the  adoption  of  estab- 
lished standard  methods  of  technique  they  should  be  pretty  con- 
stant and  capable  of  comparison.  The  use  of  heat  and  preservatives 
to  reduce  the  number  of  bacteria  are  of  course  forbidden,  and  to 
determine  the  absence  of  the  latter,  chemical  tests  are  relied  upon. 

For  the  purpose  of  insuring  the  constant  composition  and  nutri- 
tive value  of  certified  milk,  (lcfiiii((>  cliemical  standards  have  been 
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adopted  in  most  cases.  Those  of  tlu;  Medical  Milk  Coininissiou  of 
the  Philadelphia  Pediatric  Society  are  as  follows: 

Specific  gravity  from  1,029  to  1,034;  reaction,  neutral  or  faintly 
acid ;  proteid  from  3  to  4  per  cent ;  sugar  from  4  to  5  per  cent ;  fats 
from  3^  to  4 J  per  cent;  also  an  additional  fat  standard  of  5  per  cent, 
the  permissible  limits  of  variation  being  from  4i  to  5i  per  cent. 

A  knowledge  of  the  fat  content  is  of  much  importance,  and  its 
determination  at  regular  intervals  is  required  by  all  commissions. 
The  examination  for  adulterants  and  preservatives  is  of  much  less 
importance,  as  it  is  altogether  unlikely  that  these  substances  would 
be  used  by  dairymen  willing  to  undertake  the  production  of  certified 
milk. 

In  order  to  attain  these  standards  great  care  is  necessary  in  the 
production  and  transportation  of  the  milk,  and  the  dairyman  is 
recjuired  to  observe  certain  rigid  requirements.  These  are  codified 
and  in  some  instances  incorporated  in  a  rigid  contract,  wliich  is 
signed  by  the  dairyman  and  members  of  the  commission. 

REGULATIONS    OF    THE    MILK    COMMISSION    OF    THE    MEDICAL    SOCIETY 
OF    THE    COUNTY    OF    NEW    YORK. 

The  following  requirements  of  the  Milk  Commission  of  tlie  Medical 
Society  of  the  County  of  New  York  show  great  care  in  preparation, 
and  contain  all  of  the  essential  rules  required  by  other  commissions : 

1.  The  barnyard. — The  barnyard  should  be  free  from  manure  and  well  drained,  so 
that  it  may  not  harbor  stagnant  water.  The  manm-e  whicn  collects  each  day  should 
not  be  piled  close  to  the  barn,  but  should  be  taken  several  hundred  feet  away.  If 
these  rules  are  observed,  not  only  will  the  barnyard  be  free  from  objectionable  smell, 
which  is  an  injury  to  the  milk,  but  the  number  of  flies  in  summer  will  be  considerably 
diminished. 

These  flies  are  an  element  of  danger,  for  they  are  fond  of  both  filth  and  milk,  and  are 
liable  to  get  into  the  milk  after  having  soiled  their  bodies  and  legs  in  recently  visited 
lillh,  thus  carrying  it  into  the  milk. 

Flies  also  irritate  cows,  and  by  making  them  nervous  reduce  the  amount  of  their 
milk. 

2.  The  xtal)lc.--ln  tlic  stable  I  lie  |irincipl('s  of  cleanliness  must  bo  strictly  observed. 
The  room  in  which  the  cows  are  milked  should  have  no  storage  loft  above  it;  where 
this  is  not  feasible,  the  floor  of  the  loft  should  be  tight,  to  prevent  the  sifting  of  dust  into 
the  stable  beneath.  The  stables  should  be  well  ventilated,  lighted,  and  drained,  and 
should  have  tight  floors,  preferably  of  cement,  never  of  dirt.  They  should  be  white 
washed  inside  at  least  twice  a  year,  unless  the  walls  are  painted  or  of  smooth  cement 
finish,  which  can  be  washed  frequently. 

The  air  should  always  be  fiesh  and  without  bad  odor.  A  sufl:icient  number  of  lan- 
terns should  be  provided  to  enal)lc  the  necessary  work  to  be  properly  done  during  the 
dark  hours.  'I'lic  manure  should  be  removed  twice  daily,  except  when  the  cows  are 
outside  in  the  fields  the  entire  time  between  the  morning  and  afternoon  milkings. 
The  manure  gutter  must  be  kept  in  a  sanitary  condition.  All  sweeping  must  be 
finished  Ixifore  the  grooming  of  the  cows  begins,  so  that  the  air  may  be  free  from  dust 
at  the  time  of  milking. 

1-111— I'.ull.  .%(!   -09 -10 
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There  should  be  an  adequate  supply  of  water,  warm  and  cold,  and  the  necessary 
wash  basins,  soap,  and  towels. 

^^.  Watei-  supply. — The  whole  premises  used  for  dairy  purposes  as  well  as  the  barn 
must  have  a  supply  of  water  absolutely  free  from  any  danger  of  pollution  with  animal 
matter  and  sufficiently  abundant  for  all  purposes  and  easy  of  access. 

4.  The  cows. — No  cows  will  be  allowed  in  the  herd  furnishing  certified  milk  except 
those  which  have  successfully  passed  a  tuberculin  test.  All  must  be  tested  at  least 
once  a  year  by  a  veterinarian  approved  by  the  milk  commission.  Any  animal  sus- 
pected of  being  in  bad  health  must  be  promptly  removed  from  the  herd  and  her  milk 
rejected.  Do  not  allow  the  cows  to  be  excited  by  hard  driving,  abuse,  loud  talking, 
or  any  unnecessary  disturbance. 

Feed. — Do  not  allow  any  strongly-flavored  food,  like  garlic,  to  be  eaten  by  the 
cows. 

WTien  ensilage  is  fed,  it  must  lie  given  in  only  one  feeding  daily,  and  that  after  the 
morning  milking,  and  the  full  ration  shall  consist  of  not  more  than  20  pounds  daily 
for  the  average-sized  cow.  When  fed  in  the  fall  small  amounts  must  be  given  and 
the  increase  to  the  full  ration  must  be  gradual. 

Cornstalks  must  not  be  fed  until  after  the  corn  has  blossomed,  and  the  first  feedings 
must  be  in  small  amounts  and  the  increase  must  be  gradual.  If  fed  otherwise,  ensilage 
arid  cornstalks  are  liable  to  cause  the  milk  to  affect  children  seriously. 

Claming. — Groom  the  entire  body  of  the  cow  daily.  Before  each  milking  wash 
the  udder  with  a  cloth  used  only  for  the  udders  and  wipe  it  with  a  clean  dry  towel. 
Never  leave  the  udder  wet  and  be  sure  that  the  water  and  towel  used  are  clean.  The 
tail  should  be  kept  clean  by  frequent  washing.  If  the  hair  on  the  flanks,  tail,  and 
udder  is  clipped  close,  and  the  Ijrush  on  the  tail  is  cut  short,  it  will  be  much  easier 
to  keep  the  cow  clean.  The  cows  must  be  kept  standing  after  the  cleaning  until 
the  milking  is  finished.     This  may  be  done  by  a  chain  or  a  rope  under  the  neck. 

5.  The  miliers. — The  milker  must  be  personally  clean.  He  should  neither  have 
nor  come  in  contact  with  any  contagious  disease  while  employed  in  handling  the 
milk.  In  case  of  any  illness,  in  the  person  or  family  of  any  employee  in  the  dairy, 
such  employee  must  absent  himself  from  the  dairy  until  a  physician  certifies  that  it 
is  safe  for  him  to  return. 

In  order  that  the  milk  commission  may  be  informed  as  to  the  health  of  the  employees 
at  the  certified  farms,  the  commission  has  had  postal  cards  printed,  to  be  supplied 
to  the  farms,  and  to  be  filled  out  and  returned  each  week,  liy  the  owner,  manager,  or 
physician  of  the  farm,  certifying  that  none  are  handling  the  milk  who  are  in  contact 
with  any  contagious  disease. 

Before  milking  the  hands  should  lie  washed  in  warm  water  with  soap  anil  nail 
Ijrush  and  well  dried  with  a  cleiui  towel.  On  no  account  should  the  hands  be  wet 
during  milking. 

The  milkers  should  have  light-colored,  washable  suits,  including  caps,  and  not 
less  than  2  clean  suits  weekly.  The  garments  should  lie  kept  in  a  clean  place, 
protected  from  dust,  when  not  in  use. 

Iron  milking  stools  are  recommended  and  they  should  be  kept  clean. 

Milkers  .«hoidd  do  their  work  quietly  and  at  the  same  hour  morning  and  evening. 
Jerking  the  teat  increases  materially  the  bacterial  contamination  of  the  milk  and 
.should  be  forbidden. 

(i.  Helpers  other  than  milkers. — All  persons  engaged  in  the  stable  and  dairy  should 
be  reliable  and  intelligent.  Children  under  12  should  not  be  allowed  in  the  stable 
or  dairy  during  milking,  since  in  their  ignorance  they  may  do  harm,  and  irom  their 
liability  to  contagious  diseases  they  are  more  apt  llian  older  persons  to  transmit  them 
through  the  milk. 

7.  Small  animals.— Cats  and  dogs  must  be  excludeil  from  the  stables  during  the 
time  of  milking. 
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8.  The  millc. — All  milk  from  cows  sixty  days  before  and  ten  days  after  calving 
must  te  rejected. 

The  first  few  streams  from  each  teal  should  be  discarded,  in  order  to  free  the  milk 
ducts  from  the  milk  that  has  remained  in  them  for  some  time  and  in  which  the  bac- 
teria are  sure  to  have  multiplied  greatly.  If  any  part  of  the  milk  is  bloody  or  stringy 
or  unnatural  in  appearance,  the  whole  quantity  yielded  by  that  anunal  must  be 
rejected.  If  any  accident  occurs  in  which  a  pail  becomes  dirty,  or  the  milk  in  a  pail 
becomes  dirty,  do  not  try  to  remove  the  dirt  by  straining,  l.nit  put  aside  the  pail,  and 
do  not  use  the  milk  for  bottling,  and  use  a  clean  pail. 

Remove  the  milk  of  each  cow  from  the  stable  immediately  after  it  is  obtained  to  a 
clean  room  and  strain  through  a  sterilized  strainer  of  cheesecloth  and  absorbent  cotton. 

The  rapid  cooling  is  a  matter  of  great  importance.  The  milk  should  be  cooled  to 
45°  F.  within  an  hour  and  not  allowed  to  rise  above  that  as  long  as  it  is  in  the  hands  of 
producer  or  dealer.  In  order  to  assist  in  the  rapid  cooling,  the  bottles  should  be  cold 
before  the  milk  is  put  into  them. 

Aeration  of  milk  beyond  that  obtained  in  milking  is  unnecessary. 

9.  Utensils. — All  utensils  should  be  as  simple  in  construction  as  po.ssible  and  so 
made  that  they  may  be  thoroughly  sterilized  before  each  using. 

Coolers,  if  used,  should  be  sterilized  in  a  closed  sterilizer,  vmless  a  very  high  tem- 
perature can  be  obtained  by  the  steam  sent  through  them. 

Bottling  machines  should  be  made  entirely  of  metal  with  no  rubber  about  them, 
and  should  be  sterilized  in  the  closed  sterilizer  before  each  milking,  or  bottling. 

If  cans  are  used,  all  should  have  smoothly  soldered  joints,  with  no  places  to  collect 
the  dirt. 

Pails  should  have  openings  not  ex<'eeding  8  inches  in  diameter,  and  may  l>e  cither 
straight  pails,  or  the  usual  shape  with  the  top  protected  by  a  hood. 

Bottles  should  be  of  the  kind  known  as  ''common  sense,"  and  capped  with  a  steri- 
lized paraffined  paper  disk,  and  the  caps  authorized  by  the  commission. 

All  dau'y  utensils,  including  the  bottles,  must  be  thoroughly  cleansed  and  sterilized. 
This  {'an  lie  done  by  first  thoroughly  rinsing  in  warm  water,  then  washing  with  a  lirush 
and  soap  or  other  alkaline  cleansing  material  and  hot  water  and  thoroughly  rinsing. 
After  this  cleansing  they  should  be  sterilized  by  boiling,  or  in  a  closed  sterilizer  with 
steam,  and  then  kept  inverted  in  a  place  free  from  dust. 

10.  The  dairy. — The  room  or  rooms  where  the  utensils  are  washed  and  sterilized  and 
milk  bottled  should  be  at  a  distance  from  the  house,  so  as  to  lessen  the  danger  of  trans- 
mitting through  the  milk  any  disease  which  may  occur  in  the  house. 

The  bottling  room,  where  the  milk  is  exposed,  should  he  so  situated  that  the  doors 
may  be  entirely  closed  during  the  boiling  and  not  opened  to  admit  the  milk  nor  to 
take  out  the  filled  bottles. 

The  empty  cases  should  not  bo  allowed  to  enter  the  liotlliiig  room  nor  whoiilil  Iho 
washing  of  any  utensils  be  allowed  in  the  room. 

The  workers  in  the  dairy  sliould  wear  white  washable  .suits,  including  cap,  when 
handling  the  milk. 

Bottles  must  be  capped  as  soon  as  possible,  after  tilling,  with  the  sterilized  ilisks. 

These  regulations  in  effect  provide  tliat  none  but  healthy  cows 
.shall  be  used  in  the  production  of  "certified"  milk,  that  extraneous 
contamination  of  their  product  shall  be  reduced  to  a  minimum,  that  it 
shall  be  cooled  to  45°  F.  to  prevent  bacterial  growth,  and  that  it  shall 
reach  the  consumer  before  noticeable  biological  or  chemical  changes 
have  occurred  therein.  For  their  observance  the  greatest  care  and 
intelligence  is  required,  and  it  is  necessary  that  tho  daily  be  of 
modem  sanitary  construction. 
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This  does  not  imply,  however,  that  ehiboi-atc  and  expensive  ap- 
paratus is  absolutely  essential.  The  surgeon  may  of  necessity  be 
forced  to  convert  the  kitchen  into  a  sui'gical  ampitheater,  but  his  skill 
and  attention  to  detail  will  insure  an  aseptic  wound.  The  same  in 
fact  is  also  true  of  the  dairyman,  whose  conscientious  and  well- 
directed  efforts  will  yield,  even  with  limited  facilities,  a  product  which 
may  be  impossible  of  attainaienl  in  the  elaborately  equipped  dairy  of 
the  "  agriculturist." 

Much  also  depends  upon  the  zeal  of  the  professional  body  under 
whose  patronage  the  dairy  operates — a  fact  clearly  evident  to  one 
visiting  these  model  establishments. 

The  sanitary  excellence  of  "  certified  "  milk  and  the  standards  it 
represents  may  therefore  be  expected  to  improve  in  i^roportion  to  the 
increasing  appreciation  of  the  medical  profession  and  the  educational 
attainment  of  those  engaged  in  dairying  and  dairy  hygiene. 

THE  KESULTS  ACCOJIPLISHED. 

Since  the  beginning  of  the  movement  seventeen  years  ago,  a  limited 
supply  of  pure  milk  has  been  rendered  available  for  clinical  purposes 
in  a  number  of  cities  of  the  country. 

The  plan  which  was  originated  by  a  member  of  the  medical  pro- 
fession has  been  the  means  of  arousing  that  body  itself  to  the  impor- 
tance of  pure  milk  for  the  use  of  infants,  invalids,  and  the  public 
generally.  In  consequence  there  has  been  organized  the  American 
Association  of  Medical  Milk  Commissions,  which  has  held  three  an- 
nual meetings,  and  wliich  is  organized  as  for  a  permanent  agency  in 
the  improvement  of  milk  supplies. 

The  methods  adopted  have  had  an  influence  in  creating  a  demand 
for  improved  conditions  in  the  production  of  market  milk,  and  in 
addition  exerted  a  beneficial  effect  upon  the  character  of  the  general 
supply  in  those  localities  where  "  certified  "  milk  is  produced.  They 
have  also  emphasized  anew  the  dangers  of  bovine  tuberculosis  and  the 
necessity  of  preventing  the  use  of  milk  from  tuberculous  cows. 

The  standards  of  purity  have  already  served  as  a  basis  for  the 
fornudation  of  measures  which  it  is  proposed  to  enact  into  law,  a 
milk  conference  in  the  District  of  Columbia  having  recommended 
that  "  certified  "  milk  be  recognized  by  law  and  that  it  be  certified  by 
the  health  officer  of  the  District. 

An  act  was  passed  by  the  general  assembly  of  Xew  Jersey  and 
approved  April  21,  190!),  providing  for  the  incoi'poration  of  medical 
milk  conunissions  and  tlie  certification  of  milk  proihiced  under  their 
sujxM'vision. 

Finally,  the  continued  interest  of  the  medical  profession  in  the  sani- 
tary supervision  of  milk  from  the  farm  to  the  consumer  will  result  in 
the  adoption  of  new  standards  of  purity  far  in  advance  of  those  in 
use  at  the  present  time. 
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INFANTS'  MILK  DEPOTS. 

The  iinlk  (lispensary,  or  "  yoiitte  de  lait,"  ^Y!ls  culled  into  oxisteuce 
in  c<)nse(]nenc-e  of  a  recognition  that  bad  milk  and  bad  hygiene  are 
responsible  for  excessive  infant  mortality  among  families  of  the  poor. 

Its  primary  object  is  to  encourage  maternal  feeding,  and  when  tliis 
is  impossible,  to  supply  a  pure  milk  to  meet  the  special  need  of  the 
infant.  An  additional  imj^ortant  function  consists  in  the  diffusion 
of  knowledge  among  mothers  regarding  the  hygienic  care  of  their 
children  in  the  home,  especially  with  reference  to  the  conditions  nec- 
essary for  success  in  artificial  feeding. 

The  first  institution  of  this  character  in  the  United  States  appears 
to  have  been  opened  by  Dr.  Henry  Koplik  at  the  Eastern  Dispensary, 
New  York,  in  1889." 

During  the  same  year  a  similar  institution  was  also  founded  in  St. 
Gertrude's  district,  Hamburg.'' 

In  1892  Doctor  Variot  established  a  "  goutte  de  lait  "  in  connection 
Avith  the  Belleville  Dispensary,  Paris. 

Since  1892  similar  establishments  have  been  opened  in  many  local- 
ities in  this  and  other  countries,  either  through  private  philanthropy 
or  governmental  agency. 

Although  the  methods  employed  in  the  conduct  of  infants'  milk 
depots  have  varied  somewhat  both  in  this  country  and  abroad,  their 
objects  have  been  the  same.  It  is  recognized  that  all  milk  dispensed 
should  be  produced  and  transported  under  conditions  insuring  a  prod- 
uct of  the  highest  purity,  that  it  should  be  prepared  and  modified  in 
the  depot  under  medical  supervision,  and  that  strict  bacteriological 
])recautions  should  be  taken  in  every  step  of  the  process. 

In  addition  to  the  care  exercised  in  the  depot,  the  milk  is  packed 
in  a  manner  to  guard  against  contamination  in  the  home.  Each  bot- 
tle contains  but  one  feeding,  and  is  so  designed  that  it  will  not  stand 
on  end,  and  therefore  can  not  be  left  standing  open. 

The  milk  is  modified  in  accordance  with  standard  formula;  in  use 
at  the  various  depots,  and,  in  addition,  special  modifications  are  made 
upon  the  prescriptions  of  physicians. 

The  following  are  formula;  now  in  use  at  the  Sli'aus  milk  depots 
in  New  ^'ork : 

Fomuri.^K   van   AroDII'IKI)    MII,KS. 

Form  Ilia  No.  1   (Dr.  Arthur  If.  Green). 

Milk  ounces- _  !>r> 

("aiii"  sii^ar do 2.  .5 

Salt do 0.  083 

Oat  water - do 32 

"New  York  Medinal  .Tonriial,  Jan.  31.  1S!)1,  and  Feb.  4.  1S!«. 

''Von  OhliMi,  Mill;  I)."|m,Is  in  (Jcnii.'ni.v,  I'lilillc  llcnilli.  liKm. 


630 

Formula  Xo.  2  (Dr.  Rowland  G.  Freeman). 

Milk ounces—  64 

Liinewater — do 4 

Milk   sugar do 0 

Filtered  water do W 

FurmuJa  No.  3  {Dr.  A.  JncoM). 

Mill? (iuuc('s_-  04 

Barley   water do (!4 

Cane  sugar do 4 

Table  salt grains .'!0 

FiirmiiUi  No.   '/   (Dr.  Rowland  0.  Frrcman). 

Cream   (16  per  cent) innu-cs__  lOJi 

Milk. do 21 J 

Milk    sugar do (U 

Limewater do 4 

Filtered  water do 02 

Formula  No.  5   (Dr.  Arthur  R.  Orccn). 

Cream   (16  per  cent) ounces 4 

Milk do ](> 

Llmewater do 0 

Milk  sugar do 6 

Filtered  water do 102 

The  three  former  mixtures  are  phiced  in  G-oiince  bottles,  the  two 
latter  in  3-oiince  bottles  and  pasteurized  by  exposure  of  twenty  min- 
utes to  157°  F.  ^^Tiole  milk  is  also  pasteurized  in  8  and  16  ounce 
bottles. 

Pi-actically  all  infants'  milk  depots  in  the  United  States  are  under 
general  medical  suiiei-vision,  and,  in  addition,  many  depots  are  in 
direct  charge  of  graduate  nurses  who  prepare  the  milk  and  give  in- 
structions to  mothers  in  the  care  of  infants.  In  some  instances, 
visiting  nurses  also  enter  the  homes  of  the  children  for  the  purpose  of 
imparting  instruction. 

AVith  the  view  of  determining  the  extent  of  this  movement  and  its 
influence  on  the  public  health,  an  inquiry  was  sent  by  the  Surgeon- 
General  of  the  Public  Health  and  Marine-Hospital  Service  to  the 
healtli  officials  of  all  cities  in  the  United  States  containing  a  popula- 
tion of  over  50,000.  Replies  were  received  from  05  of  the  76  cities  in 
this  class,  and  acknowledgments  are  due  to  the  health  officers  and 
others  through  whose  courtesy  the  following  tabulated  infoi-ination 
was  obtained.  The  inforiualioii  thus  (il)tain(>d  is  of  much  interest 
and  value. 

The  following  table  contains  a  list  of  the  cities  in  tiie  United  States 
in  which  infants'  milk  depots  are  located,  the  dates  of  their  establish- 
ment, the  number  of  depots  operated  in  each  city  during  the  season 
of  1907,  the  |iei-iod  of  the  year  in  which  they  were  in  operation,  and 
by  whom  maintained: 


631 


Cities   in  the  United 

When 

Num- 

States   having     in- 

estab- 

ber of  1  Period  of  year  in  operation. 

Conducted  by- 

fants'  milk  depots. 

lished. 

depot.s.j 

New  York.  N.  V 

1393 

0  17  !  7  are  open  during  the  en- 

Maintained  by  Mr.  Nathan 

tire  year;  10   located  in 

Straus    and    conducted  by  a 

parks  and  on  recreation 

medical  director. 

piers  are  open  in  sum- 

mer. 

Yonkers,  N.  Y' 

1894 

1 

June  1  to  Sept.  30 

St.  John's  Riverside  Hospital. 
Health  department. 

Rochester,  N.  Y 

1897 

4 

July  and  August 

Pittsburg,  Pa 

1898 

May  to  November;  some- 
times to  December,  de- 
pending upon  the  weath 
er.     Isolated    cases  fur- 
nished milk  during  en- 
tire year. 

Private  philanthropv.  Pittsburg 
and  Allegheny  Milk  an.l  Ice 
Association.  Supervised  by 
medical  director  and  secretary 
of  the  association. 

Cleveland,  Ohio 

1899 

2 

Entire  year 

Private    philanthropy.      JI  i  1  k 

Fund  Association. 

Chicago.  Ill 

61903 

28 

90    arf>   OT^pn    flnrinir  ontiro 

Private  philanthropy.  The  Milk 
Commission  of  the  Children's 

1      year;  6  dtirlng  summer 

season  only. 

Hospital  Society. 

Phila.U^lphia,  Pa 

fl903 

20 

9  are  open  during  entire 
year;  11  during  .summer 
months. 

Private  philanthropv.  Philadel- 
phia Modified  Milk  Society.  . 

Baltimore.  Md 

1903 

9 

8  are  open  during  entire 
year;  1  during  July  and 

Private  philanthropy.  Thomas 
Wilson  Sanatorium  for  Chil- 

August, 1907. 

dren  until  1906.  Since  then  by 
The  Babies  Milk  Fund  Associa- 
tion. Summer  station  main- 
tained by  Playground  Associa- 
tion. 

St.  Louis,  Mo 

1904 

12-l.'i 

May  to  December 

Private  philanthropy  under  di- 
rection of  St.  Louis  Pure  Milk 

Commission. 

Detroit,  Mich 

1905 

At  hospital  dispensaries 

Private  philanthropy,  Detroit 
Milk    Fund    A.s.sociation   and 

under  medical  supervision. 

Columbus,  Ohio 

i>190G 

1 

During  entire  year 

Private  philanthropy.  Hartman 
Stock  Farm  Dairy. 

Cambridge,  Mass 

1906 

5 

All  open  during  summer 
months. 

Public  appropriations  and  pri- 
vate philanthropy.  Milk  in- 
spector with  cooperation  of 
Cambridge  School  of  Nursing 
and  Visiting  Nurses  Associa- 
tion. 

Providence,  R.I 

1906 

.5 

Open  from  June  20  to  Sept. 
6,  1907. 

Private  philanthropy.  Commit- 
tee of  the  Providence  Medical 
As.sociation. 

Cincinnati,  Ohio 

1907 

2 

Open  from  July  l.i  to  Sept.  1 . 

Health  department,  nurse  at 
each  stixtion.  Physician  in 
general  charge. 

Jer.sey  City.  N.  .T 

1907 

5 

Opened  July  15;  to  be  main- 

City   board    of    health.    Under 

!      tained  during  entire  year. 

medical  .supervision  of  superin- 

tendent, bureau  of  contagious 

Toledo,  Ohio 

1907 

2 

1  open  during  entire  year; 
1  from  June  to  October. 

Private  philanthropy. 

I^ansas  City,  Mo 

1907 

9 

Aug.  1  to  Oct.  1 

Private   philanthropy.     Kansas 

City  Pure  Milk  Commission. 

Kansas  City.  Kans 

1907 

1 

Aug.  1  to  Oct.  1 

Private    piiitnnthropy.     Kansas 

City  Pure  Milk  Commission. 

\cw  Bedford,  Ma.i.s... 

1907 

3 

July  10  to  Sept.  10 

Private  philanthropy.  Charily 
organization  society  of  New 
Bedford. 

Boston.  Mass 

('') 

10 

5  open  diiriiiK  entire  year. 
In  u.l.htinn,  <.iit-paticut 
dc|.:.rnnrnl.s     ,,l     6    llos- 
i.itMls     .lisiiilMile     milk 

Private  philanthropy.  Hos- 
pital work  maintained  bv  a 
■■  milk  fund." 

[      during  summer. 

Newark,  N.J 

1899 

1 

Executive  committee,  Society  of 

the  Babies'  Hospital,  Newark, 
N.J. 

Brooklyn,  N.Y 

1S99 

16    Summerniontha 

Brooklyn  Children's  Aid  Society. 

"  Depots  are 
elation,  and  I  In 
'April. 
■■  July. 


spilnl.  The  Did   Kitchen  Asso- 


'  nian.\'  yi'ars  a;; 


il  .Ian.   1,  r,)(»,j. 
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The  above  table  indicates  that  there  are  22  cities  in  the  United 
States  in  which  infants'  milk  depots  were  in  operation  dnring  the 
5'ear  1907. 

Since  the  compilation  of  this  table  relative  to  infants'  milk  deiDots, 
information  has  been  received  as  to  other  depots  showing  an  extension 
of  the  movement. 

The  general  secretary  of  the  Brooklyn  Children's  Aid  Society  has 
invited  attention  to  the  work  of  that  society.  He  has  also  reported 
that  in  Kew  York,  in  addition  to  the  depots  mentioned  in  the  table, 
there  are  seven  milk  stations  under  direction  of  the  New  York  milk 
committee,  and  one  or  more  each  that  are  maintained  separately  by 
the  Good  Samaritan  Dispensary  and  the  Diet  Kitclien  Association. 

"\Aliile  the  first  depot  was  organized  in  New  York  in  1889,  other 
cities  soon  took  up  the  work,  and  during  the  past  two  years  the  move- 
ment has  progressed  rapidly,  no  less  than  6  cities  having  organized 
milk  depots  during  1907. 

It  is  shown  that  159  stations  were  in  operation  during  the  present 
season  in  the  22  cities  from  which  data  was  secured,  55  of  which  will 
be  maintained  during  the  entire  vear. 

In  onh'  4  of  the  20  cities  were  depots  maintained  at  public  expense 
and  supervised  by  ofScials  of  the  municipalities;  all  the  others  owed 
their  existence  to  private  philanthropy,  which  has  set  the  example  in 
the  solution  of  this  great  public-health  problem,  as  it  has  in  so  many 
others  of  economic  and  vital  importance  to  the  State. 

The  following  table  contains  data  regarding  the  source  and  char- 
acter of  the  milk  used,  whether  it  was  modified  under  professional 
supervision,  whether  it  was  pasteurized  and  the  method  followed,  and 
the  amounts  distributed  during  1907: 


Cities  in  which  are 
located  infants' 
milli  depots. 


•  Yorlt,  N.  Y... 


Yonlters.  N.  Y... 


Source  and  char- 
acter of  millc 
used. 


Millc  certiiied  by 
the  Medical 
Milk  Commis- 
sion. 


Central  station 
in  charge  of 
trained  nurse 
located  at  the 
farm.  Cowsare 
t  ubcriMi  11  n 
tested. 


Whether  modified  !  ^^''^^'^L  l^^'Jj 
and  by  whom. 


Modifications  are 
prepared  in  ac- 
cordance with 
formuUe  of  phy- 
sicians. 


Modified  under  su- 
pervision of  phy- 


Moditied  inidcr ; 
pervision     of 
Iihysician. 


All  milk  is  pasteur- 
ized by  exposure 
for  20  minutes  to 
a  temperature  of 
157°  K.  No  milk 
is  sold  twenty- 
four  hours  after 
preparation. 

Pastcnirized  by  ex- 
posure for  20min- 
tites  to  tempera- 
ture of  Vd"  F. 

No 


Amount  of  milk 
distributed  dur- 
ing present  sea- 
son. 


From  ,Ian.  1  to 
Sept.  1.5, 1907,  the 
Straus  depots 
alone  dispensed 
2,917.336  bottles 
and  1,222,(M.5 
gla.sses. 

60  quarts  daily. 


6,000  to  7.U00 
quartsdeliverud 
in  nursing  bot- 
tles ready  for 
use. 
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Citiesin  which  are 
loeated  infants' 
milk  depots. 


Cleveland,  Ohio. 
Chicago,  111 


Source  and  char- 
acter of  milk 
used. 


Certified  milk 
from  Locust 
Grove  Farm. 


Dairy  scoring  85 . 
Inspected  dairy . 


Philadelphia,  Pa.  J  Inspected  dai: 


Burnside  Farm... 


St.  Louis,  JIo . 


Brooklyn,  X.  Y. 
Detroit,  Mich... 


Certified  milk 
produced  under 
patronage  o  f 
Pure  Milk  Com- 
mission. 


Colundnis,  oliio...  Ilartman  Stock 
Farm  Dairy, 
t  u  b  e  r  c  II 1  i'  M 
tested  herd. 

Camhridge,  Mass..    Certified  milk 


Whether   modified 
and  by  whom. 


A  portion  is  modi- 
fied according  to 
physician's  pre- 
scription at  the 
Walker  Gordon 
laboratory. 
"Work  supervised 
by  regular  physi- 
cian. 

No 


4  standard  modifi- 
cations are  used 
and  special  modi- 
fication onpliysi- 
cian's  prescrip- 
tion. 


Modified  and  bot- 
tled by  the  Walk- 
er Gordon  labora- 
tory under  direc- 
tion of  Dr.  J.  H. 
M.  Kno.x,  jr. 

Large  proportion 
modified  under 
direction  of  chem- 
ist, who  is  under 
supervision  o  f 
physician. 

Yes 


Modified  under  di- 
rection of  physi- 
cian in  charge  of 
clinics. 


To  be  modified,  be- 
ginning in  spring 
of  1908. 


Providence,  K.  1. 
CinclnniLli.ohio. 


.lerscy  City,  X.. I  . 


Berry  Farm [  Y'es;  undermedical 

supervision. 
Milk  certified  by  i  No , 

Medical  Milk 

Commission. 


Toledo,  Ohio 

Kansas  City, Mo.. 


Pasteurized  milk. 


Hillcrcsl  Far  m 
under  beat  sani- 
tary conditions. 


Kansas  City,  Kans.  I  Modified 


New    Bed  ill  rd. 


Milk.  Ilicaverage 
liaeleriiil  connl 
of   w  li  fell   is 


Modified  under 
medical  supervi- 
sion. 

■1  standard  formu- 
liE  tiscd,  also  on 
special  prescrip- 
tion of  p  h  y  s  1  - 
cians. 

Modified  for  young 
infants  by  nur.ses 
II  pu  n  prescrip- 
linTi  "f  pliysieian. 


Whether  pasteur- 
ized and  tempera- 
ture used. 


Modified  milk  for 
yloungest  chil- 
dren pasteurized 
during  period  of 
greatest  heat  and 
humidity.  Tem- 
perature of  If)7° 
F.  for  20  minutes. 


No 

Yes.    Temperature 

of  165°  F.  for  20 

minutes. 


All  milk  is  pasteur- 
ized by  exposure 
for  20  minutes  to 
a  temperature  of 
180°  F. 

Pasteurized  when 
air  temperature  is 
above  80°  F.  by 
exposure  for  half 
an  hour  to  tem- 
perature of  150°  F. 

Pa.steurized  by  ex- 
posure for  20  min- 
utes to  tempera- 
ture of  167°  F. 


Y'es 360,000  bottles. 

Not    pasteurized.     From  July  to  No- 


Amount  of  milk 
distributed  dur- 
ing present  sea- 
son. 


amounts  dis- 
pensed during  a 
year. 

2,700  quarts. 

364,126  bottles 
from  Jan.  1  to 
Sept.  30,  1907. 


823,014  bottles 
from  Jan.  1  to 
Sept.  30, 1907. 


Average  for  the 
year  is  about 
1,050  bottles  a 
day. 


450,000  bottles  (2, 
4,  5,  7,  and  8 
ounces). 


except  on  phys 
elan's  prescrip- 
tion. 


Pasteurized  by  ex- 
posure for  30  min- 
tites  to  a  temper- 
ature of  170°  F. 


Pasteurized  by  ex- 
posure l'or20niin. 
iites  to  tempera- 
lure  of  lli.5°  F. 

A  jiortion  pasteur- 
ized by  exposure 
for  10  minutes  to 
tern  pe  ra  t  u  r e 
of  163=>  F. 


V  e  m  b  e  r ,  1905, 
20,835  bottles  of 
modified  milk 
and  1.367  quarts 
whole  milk. 

Average  of  3  00 
babies  supplied 
during  first  9 
months  of  1907. 

3,387  quarts  of 
milk  and  244J 
quarts  of  cream 
from  Jan.  1  to 
Sept.  27, 1907. 

7,413  quarts. 

About  4,000  pints 
distributed 
among  305  fam- 
ilies. 

About  40,000  bot- 
tles from  July 
20,  to  Sept.  30, 
1907. 

,\bout4,000quarts. 


of  modiliet 
in  3-ouiu'i: 
ties  daily. 


No Over  7,000  quarts. 
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Cities  in  which  are 
located  infanti' 
milli  depots. 


Source  and  char- 
acter of  millc 
used. 


'Milk  fund"  sup- 
ply from  Walk- 
er Gordon  lab- 
oratory: the 
rest  from  se- 
lected country 
dairies. 


"High  grade" 


Whether   modifled 
and  by  whom. 


Ivlodified  "milk 
fund"  modifica- 
tions made  upon 
prescriptions 
adapted  for  each 
case.  The  rest  is 
modified  accord- 
ing to  3  selected 
formulce. 

Yes , 


Whether  pasteur- 
ized and  tempera- 
ture used. 


Much  of  "milk 
fund"  supply  is 
not  heated.  All 
milk  used  by 
other  organiza- 
tions is  pasteur- 
ized at  tempera- 
ture of  1.5!5°  F.  for 
20  minutes. 

Pasteurized  by  ex- 
po.sure  to  temper- 
ature of  155°  F. 


Amount  of  milk 
distributed  dur- 
ing present  .sea- 
son. 


"Milk  fund"  sup- 
plied 300  babies 
in  summer  of 
1906.  Other  or- 
ganizations dis- 
tribute about 
1,200  bottles 
daily. 


In  C)  of  the  above-mentioned  cities  the  supply  of  milk  used  in 
infants'  milk  depots  was  certified  by  Medical  Milk  Commissions,  and 
in  practically  all  of  the  others  it  came  from  sources  of  undoubted 
purity. 

,    In  17  of  the  22  cities  heard  from  the  milk  was  modified  under 
medical  supervision  to  meet  the  special  needs  of  infants. 

Pasteurization  was  practiced  in  13  cities  for  a  portion  or  all  of 
the  milk  distributed,  the  temperature  used  varying  from  150°  F.  to 
180°  F.,  and  the  length  of  exposure  being  from  ten  minutes  to  thirty 
minutes.  In  the  other  cities  pasteurization  was  not  practiced,  al- 
though in  Detroit  it  was  done  in  special  cases  upon  the  prescriptions 
of  physicians. 

In  Rochester  the  central  milk  depot,  ^hich  was  in  charge  of  a 
trained  nurse,  was  located  at  the  farm,  and  the  herd  was  tuberculin 
tested — conditions  which  should  insure  the  production  of  pure  raw 
milk. 

The  extent  of  the  movement  may  in  a  measure  be  estimated  by  the 
number  of  depots  in  operation  and  the  quantities  of  milk  distributed. 
The  latter,  if  expressed  in  the  number  of  bottles  delivered,  would 
mount  well  into  the  millions. 

It  is  the  consensus  of  opinion  of  those  interested  in  this  work  that 
the  results  have  been  exceedingly  beneficial,  although  it  is  not  possi- 
ble, except  in  one  or  two  instances,  to  demonstrate  by  accurate  sta- 
tistics the  reduction  in  infant  mortality.  This  lack  of  demonstration 
is  largely  due  to  the  fact  that  the  milk  was  used  by  a  very  limited 
number  of  the  infant  popidation,  and  to  the  impossibility  of  exclud- 
ing other  factors,  such  as  environment,  climatic  conditions,  etc.,  re- 
sponsible for  increased  morbidity  and  mortality.  Nor  is  it  necessary 
to  express  in  numerical  terms  the  value  of  such  institutions.  Their 
educational  value  alone  is  sufficient  to  ju.stify  their  existence — an 
influence  that  has  extended  both  to  the  consumer  and  to  the  sub- 
scriber to  the  milk  fund.  Mothers  have  been  taught  the  importance 
of  nursing  their  infants,  and  when  this  was  clearly  impossible  the 
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method  and  requirements  necessary  for  the  successful  use  of  artificial 
foods. 

Through  the  cooperation  of  municipal  authorities,  the  medical 
profession,  trained  nurses'  associations,  and  others,  instruction  has 
also  been  carried  to  the  homes  of  infants,  with  lasting  benefit. 

There  is  great  necessity  for  a  wider  extension  of  this  movement,  in 
order  that  its  benefits  may  be  felt  in  every  congested  center  of  popu- 
lation in  the  United  States.  In  many  of  these  areas  the  insanitary 
conditions  surrounding  the  lives  of  infants  are  a  menace  to  the  State. 
Diffusion  of  knowledge  with  respect  to  all  that  pertains  to  infant 
hygiene  is  therefore  demanded. 

Mothers  should  be  encouraged  in  eveiy  possible  way  to  nurse  their 
infants,  regardless  of  financial  or  social  status. 

When  breast  feeding  is  clearly  impossible,  a  pure  supply  of  cow's 
milk,  modified  to  meet  the  special  needs  of  the  infant,  should  be  ren- 
dered available  for  both  rich  and  poor.  At  the  same  time  mothers 
should  be  instructed  regarding  the  special  requirements  necessary 
to  successful  artificial  feeding,  including  the  care  and  administration 
of  milk  in  the  home. 

Private  philanthropy  has  led  the  way.  The  i^ublic,  through  its 
official  representatives,  should  assume  its  share  of  resijonsibility,  both 
because  of  economic  and  sanitary  considerations,  and  provide  infants' 
milk  depots  for  improving  the  physical  well-being  of  the  children 
who  are  destined  to  become  the  active  producing  members  of  the  com- 
munitv  of  the  future. 


21.  PASTEURIZATION. 
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PASTEURIZATION. 


By  Milton  J.  Rosenau, 

Siirgi:uii  and  Director  Hygienic  Laboratory,  Public  Health  and  Marine-Hospital 

Service,  Washington,  D.  C. 


Pasteurization  as  applied  to  milk  consists  in  heating  it  for  a  short 
period  of  time  at  a  temperature  below  the  boiling  point,  followed  by 
rapid  chilling.  As  we  now  understand  it,  the  object  is  not  so  much 
to  preserve  the  milk  as  it  is  to  destroy  the  harmful  bacteria  and  their 
products. 

Pasteur  in  1860-1864  studied  the  "  diseases  "  of  wine,  and  found 
that  it  was  sufficient  to  heat  wine  for  a  few  moments  at  a  temperature 
of  from  50°  to  60°  C.  in  order  to  prevent  souring  and  abnormal  fer- 
mentation. In  1868  the  successful  experiment  was  made  of  sending  a 
cargo  of  heated  wine  around  the  world  ujaon  the  frigate  La  Syhile. 

Following  the  Franco-Prussian  war,  Pasteur  studied  the  "  dis- 
eases "  of  beer,  and  found  that  beer  could  be  preserved  by  being  sub- 
jected to  a  temperature  of  from  50°  to  55°  C.  The  application  of  this 
process  gave  rise  to  the  new  term  "  Pasteurization,"  which  soon  be- 
came current  in  technical  language. 

It  was  not  until  1886  that  the  distinguished  chemist  Soxhlet  ad- 
vised the  heating  of  milk  for  infant  feeding  and  described  an  appa- 
ratus for  carrying  out  the  process  in  the  home.  To  Soxhlet  will  ever 
remain  the  merit  of  having  systematized  and  popularized  the  heating 
of  milk  for  the  special  use  of  infnnts. 

In  addition  to  heating  the  milk,  Soxhlet  divided  the  day's  quantity 
conveniently  into  nursing  bottles,  which  he  had  caused  to  be  so  shaped 
and  arranged  as  to  be  readily  cleansed  and  sterilized,  upon  the  im- 
portance of  all  of  which  he  properly  laid  stress. 

Soxhlet  made  the  mistake  of  regarding  milk,  heated  for  a  brief 
period  at  about  the  temj^erature  of  l^oiling  water,  as  sterilized.  He 
also  placed  undue  stress  upon  a  special  stopper  that  hermetically  and 
automatically  sealed  the  flasks  in  cooling. 

In  America,  the  Archives  of  Pediatrics  contains  no  reference  to 
the  steriliziition  of  milk  until  1888.  In  1889  Jacobi,''  who  had  long 
practiced  and  taught  the  wisdom  of  boiling  milk  for  infant  feeding, 
makes  reference  to  the  use  of  Soxhlet's  apparatus. 

"Arch,  rcdiat.,  N.  Y.,  ISSO,  l.niT. 
(639) 
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It  was  soon  jjointed  out  by  IJacteiiologists  that  Soxhlet's  process 
was  not  sufficient  to  sterilize  the  milk,  and  that  the  remaining  organ- 
isms grew  and,  according  to  Fliigge,  were  capable  of  producing 
hai'mful  results. 

Further,  it  was  found  that  the  heating  of  milk  for  prolonged  pe- 
riods or  at  high  temperatures  was  neither  necessary  nor  desirable; 
and  recourse  was  then  had  to  the  pasteurization  jjrocess.  As  will  be 
shown  later,  the  confusion  between  "  sterilized  ''  and  "  pasteurized  *' 
milk  has  been  largely  instrumental  in  throwing  discredit  upon  the 
latter  process. 

Harm  has  also  been  done  by  the  misleading  use  of  the  term  "pasteu- 
rized milk,"  which  has  pojDularly  been  construed  to  mean  a  superior 
quality  of  milk,  in  the  same  sense  that  antisej^tic  surgery  is  a  great 
advance  upon  the  old  time  methods.  "  Pasteurized  milk "  really 
means  heated  milk,  and  is  not  necessarily  synonymous  with  "  clean 
milk,"  "  good  milk,"  or  "  pure  milk."  The  particular  object  of  the 
heating  is  to  destroy  the  harmful  bacteria.  In  order  to  correct  this 
misconception  concerning  "  pasteurized  milk,"  it  would  be  better  to 
discontinue  the  use  of  the  term  and  use  in  its  place  "  heated  milk," 
stating  the  degree  of  heat  and  the  time  of  exposure  on  each  bottle,  as 
well  as  the  date  on  which  the  milk  was  heated. 

Pasteurization  does  not  mean  simply  the  heating  of  milk;  the  sub- 
sequent rapid  cooling  is  a  very  important  part  of  the  process. 

If  heated  milk  is  cooled  slowly  it  remains  at  a  temperature  be- 
tween 20°  and  37°  C.  for  a  long  time.  This  is  the  best  temperature 
for  the  development  of  bacteria  and  their  toxic  products,  and  it 
requires  only  a  few  hours  under  such  conditions  to  produce  an 
enormous  growth. 

Pasteurized  milk  must  be  handled  at  least  as  carefully  as  raw  milk, 
if  not  more  so.  Pathogenic  bacteria  grow  more  readily  in  heated 
than  in  raw  milk.  The  "  germicidal  "  properties  of  the  milk  are 
destroyed  by  high  heating,  and  finally  the  surviving  bacteria  do 
not  have  so  hard  a  stiuggle  for  existence  in  the  heated  milk.  It 
must  not  be  forgotten  that  pasteurization  kills  only  the  major  por- 
tion of  the  nonspore-bearing  bacteria,  and  that  a  large  number  of 
micro-organisms  remain  and,  if  permitted  to  grow  and  multiply,  they 
may  occasionally  produce  undesirable  qualities  or  perhaps  poisonous 
properties  in  the  milk. 

It  nnist  be  quite  evident  to  anyone  wlio  gives  the  matter  thoughtful 
attention  that  the  heating  of  milk,  like  the  use  of  antiseptics,  is  an 
expedient  rather  than  an  ideal  pi-ucedure.  "Antisepsis"  was  a  great 
ini[)roveuient  in  surgery,  but  "  asepsis,"  or  the  absence  of  germs,  is  the 
i<l('al.  In  the  same  sense,  heating  improves  bacteria-laden  and  dirty 
milk,  but  clean  milk  is  the  end  we  nmst  seek.  "Pure  milk  is  better 
than  purified  milk." 
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Milk  presents  the  strange  contradiction  of  being  the  most  whole- 
some single  foodstuff,  and  sometimes  one  of  the  most  poisonous  of  all 
foods.  A  single  feeding  of  a  few  gills  of  milk  containing  pathogenic 
bacteria  or  the  toxic  products  of  bacterial  activity  frequently  results 
in  sickness  and  death.  Milk  sometimes  contains  such  violent  poisons 
as  to  cause  death  in  a  few  hours.  Ordinarily,  milk  contains  very 
many  bacteria;  in  fact,  milk  containing  less  than  10,000  bacteria  per 
cubic  centimeter  is  considered  of  excellent  quality,  and  milk  con- 
taining 100,000  bacteria  per  cubic  centimeter  is  generally  considered 
good. 

Of  all  foodstuffs,  milk  is  the  most  difficult  to  preserve  pure  and 
handle  with  success.  It  requires  not  only  intelligence,  but  a  high 
degree  of  technical  training,  as  well  as  incessant  vigilance^  to  produce 
a  clean  and  safe  milk.  Many  believe  that  this  end  may  be  accom- 
plished by  official  supervision  and  a  good  system  of  inspection. 
However,  we  can  scarcely  conceive  of  any  system  of  surveillance  of 
the  milk  supply  that  will  prevent  its  occasional  contamination.  In 
fact,  the  highest  grade  of  certified  milk  has  at  times  been  accused  of 
causing  outbreaks  of  disease.  Such  lapses  are  infrequent  and  the 
danger  slight.  These  facts  ai*e  stated  not  as  an  argument  that  certi- 
fied milk  should  be  pasteurized,  but  simply  to  show  the  difficulties  of 
obtaining  a  safe  raw  product. 

Preventive  measures  are  better  than  corrective  ones.  Pasteuriza- 
tion can  not  atone  for  filth.  Milk  should  be  produced  under  clean 
conditions  and  kept  clean  and  it  would  not  then  have  to  be  purified. 
But  we  must  guard  against  enemies  as  long  as  they  exist.  We  would 
all  like  to  do  away  with  the  necessity  for  armies  and  navies,  but  pres- 
ent conditions  demand  their  maintenance.  The  same  is  true  of  harm- 
ful bacteria  in  milk;  so  long  as  the  average  market  milk  is  apt  to 
c:intain  these  insidious  foes,  the  only  protection  we  have  is  to  destroy 
them  with  heat. 

There  can  be  no  more  objection  to  the  heating  of  milk  for  the  use 
of  adults  and  of  children  above  the  age  of  3  years  than  there  is  to  the 
cooking  of  meat.  Even  Fliigge,"  who  was  one  of  the  first  to  sound 
the  warning  that  heated  milk  may  subsequently  develop  poisonous 
pi-operties  for  infants,  has  no  objection  to  the  heating  of  milk  for  the 
use  of  adults  and  of  children  above  the  age  of  3  years. 

The  question  naturally  arises,  Is  the  danger  from  the  use  of  the 
average  raw  market  milk  a  serious  one?  Our  investigations''  in 
Washington  have  shown  that  the  general  market  milk  is,  for  the 

"FliiKgp:  Dio  Aiif};:il)on  iiiul  liOisdinsen  dor  MilcJistorilisiruiiK  KOKcniibor  <lon 
DiiniikiMiikUoinMi  dcr  S;iiif;liii«c.     Zcil.  f.  II.vk..  v<.1.  17,  1S!M,  p.  L'72. 

''  Uosoiian,   Lnmsden,  and  Kastlc,   Uiills.   ."JO  and  44,   llyg.   Lab.,   U.   S.    I'lib. 
Ilciiltli  and  Mar.  IIosp.  Serv.,  Wash.,  ^01  pv. 
1414— Bull.   56— on 41 
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most  part,  old,  stale,  and  dirty  (in  1907  the  milk  averaged  over 
22,000,000  bacteria  per  cubic  centimeter  and  in  1908  over  11,000,000). 
and  further,  that  at  least  11.3  per  cent  of  the  cases  of  typhoid  fever 
which  occuri'ed  during  the  summer  of  1906  in  Washington  were  cer- 
tainly attributable  to  contaminated  milk.  In  1907  9.18  per  cent 
and  in  1908  about  10  per  cent  of  the  tyi^hoid  cases  were  traced  to  in- 
fected milk.  Similar  conditions  have  been  found  in  other  cities 
wherever  the  matter  has  been  investigated.  In  addition  to  typhoid 
fever,  the  milk  frequently  conveys  the  infection  of  tuberculosis, 
scarlet  fever,  diphtheria,  diarrhoeal  and  other  diseases.  One  needs 
only  to  refer  to  other  parts  of  this  bulletin  to  assure  himself  of  the 
extent  to  which  death  and  disease  are  caused  by  impure  milk.  That 
phase  of  the  subject  therefore  needs  no  further  emphasis  here. 

The  average  commercial  milk  of  large  cities  is  not  a  safe  food. 
The  princijaal  reasons  for  this  are  the  ignorance  and  indifference  of 
those  engaged  in  the  dairy  business,  filthy  barns,  unclean  and  un- 
healthy cows,  improper  care  of  containers,  insufficient  cooling  of  the 
millf,  long  transportation,  unnecessary  and  frequent  handling,  im- 
perfect cleaning  and  lack  of  sterilization  of  the  bottles,  and  the  fre- 
quent close  association  with  contagious  disease. 

The  difficulty  of  obtaining  a  clean  fresh  milk  supply  is  soon 
appreciated  when  we  investigate  the  subject  in  any  large  city.  For 
instance,  in  AVashington  the  milk  supply  comes  from  over  1,000 
different  dairy  farms,  situated  in  the  surrounding  counties  of  Vir- 
ginia and  Marjdand.  Some  of  the  cream  comes  from  distant  points 
in  Pennsylvania  and  New  York.  Boston  gets  a  large  part  of  its 
milk  supply  from  distances  of  40  to  100  miles.  The  milk  supply 
of  the  city  of  New  York  is  produced  at  35,000  farms  scattered  over 
5  different  States,  passes  through  400  creameries,  and  comes  over 
12  different  lines  of  transportation.  Some  of  the  milk,  at  certain 
seasons,  reaches  New  York  from  Canada,  and  shipments  of  cream 
arrive  daily  fi'om  Ohio.  One  hundred  and  fifty  wholesale  dealers 
are  engaged  in  the  business  and  the  retail  stores  number  12.000,  the 
daily  consumption  being  1,500,000  quarts.  From  this  extreme  case 
Ave  will  find  every  grade  of  complexity  down  to  the  small  village 
and  the  individual  fannhouse  whei-e  fresh  milk  may  be  obtained 
t\vi(x^  daily.  In  New  York  only  10,000  quarts  of  the  total  of. 
1,500,000  quarts  daily  used  are  '"certified"  as  clean  milk. 

THE    EXTENT    OF    PASTEURIZATION. 

Freeman  tells  that  it  was  about  1892  that  the  sterilization  of  the 
milk  in  the  tenements  of  New  York  was  widely  adopted.  So  general 
has  this  become  that  the  inspec'tors  of  the  Kockefeller  Institute  for 
Medical  Kesearch,  when   recently  seeking  statistics  concerning  the 
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(■licet  of  different  sorts  of  food  on  the  health  of  babies  in  the  tene- 
III  iits,  were  able  to  find  scarcely'  any  infants  that  were  fed  on  raw 
milk. 

It  is  now  estimated  tliat  about  25  per  cent  of  the  total  daily  milk 
-iipplied  to  the  city  of  New  York  is  pasteurized. 

About  123,250  of  the  total  of  308,489  quarts  of  milk  which  come  to 
Boston  daily  are  subjected  to  commercial  pasteurization. 

Pasteurization  in  bulk  is  practiced  on  a  large  scale  in  the  cream- 
eries of  Europe,  particularly  in  Denmark  and  Germany.  In  Ber- 
lin and  Copenhagen,  especially,  commercially  pasteurized  milk  is  in 
general  use.  In  Denmark,  in  fact,  j^aragraph  6  of  the  law  of  March 
2(i,  1898,  relating  to  measures  for  combating  tuberculosis  in  cattle 
and  hogs,  requires  that  all  skimmed  and  bottled  milk  from  Danish 
dairies  to  be  used  for  feeding  animals  must  first  be  heated  to  85°  C. 
This  law,  which  went  into  effect  June  1,  1899,  was  revised  in  1903, 
and  again  on  February  5,  1904,  by  requiring  the  j^roducts  to  be 
heated  to  80°  C.  and  adding  to  the  products  requiring  jsastenrization, 
cream  used  for  the  manufacture  of  export  butter.  Paragraph  7  of 
the  same  law  requires  that  only  such  milk  and  buttermilk  may  be 
brought  into  Denmark  as  has  been  heated  to  at  least  80°  C  The 
Minister  of  Agriculture  is,  however,  permitted  to  make  certain  ex- 
ceptions." 

In  France  the  heating  of  milk  is  practiced  by  the  wholesale  dealers 
who  sujiply  Paris.  A  portion  of  the  milk  sold  in  certain  of  the  larger 
cities  of  France  and  of  the  milk  distributed  from  the  milk  depots 
("gouttes  de  lait")  is  also  first  heated.  Much  of  the  cream  destined 
for  Paris  is  pasteurized. 

LAWS    AND    REGULATIONS    CONCERNING    PASTEURIZATION. 

Recently  the  State  of  Massachusetts  and  the  cities  of  New  York 
and  Chicago  have  adopted  measures  relating  to  the  pasteurization 
of  milk  and  milk  products. 

.Ua-ssarhusettfi. — There  are  no  regulations  of  the  health  doparlment 
of  the  city  of  Boston  covering  the  pasteurizing  of  milk  and  milk 
pi'oducts,  but  in  the  year  1908  a  State  law  was  adopted.  Jordan 
considers  the  measure  an  inoi)erative  one  because  of  (he  high  teuipei  a- 
<  111(1  specified  therein.     The  Massachusetts  Stale  act  follows: 

Adolf  Reitz,  Milchhygiene  u.  Tnberknlosebekaniiifung  in  Danoniark  u. 
S<'li\v('(leii,  /ugleicli  ein  BoitrMg  ymv  Tcchnik  raslrurisioraiiiiaralo.  /oil.  f. 
Fleisch-  u.  Milchhygiene,  190.5-G,  10,  i>.  li:{. 
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Acts  of  ]!K)8,  ("iiArri'iK  570. 

IIKATF.I)     MU.K. 

Section  1.  Whoever,  liimself  or  by  liis  servunt  or  iigent,  or  ns  tlio  sorvant 
or  agent  of  any  person,  firm,  or  corporation,  sells,  exchanges,  or  delivers,  or 
has  in  his  custody  or  possession  with  intent  to  sell,  exchange,  or  deliver  any 
milk  which  has  been  subjected  to  artificial  heat  greater  than  one  hundred  and 
sixty-seven  degrees  Fahrenheit,  not  having  the  words  "heated  milli  "  distinctly 
uiarlced  upon  a  light  ground  in  plain  black  uncondonsed  gotliic  letters  at  least 
one  inch  in  length,  in  a  conspicuous  place  upon  every  vessel,  can.  or  package 
from  or  in  which  such  milk  is,  or  is  intended  to  be,  sold,  exchanged,  or  delivered 
shall  for  a  first  offense  be  punished  by  a  fine  of  not  less  than  fifty  nor  more  than 
two  hundred  dollars,  for  a  second  offense  by  a  fine  of  not  less  tlian  one  hundred 
uor  more  than  three  hundred  dollars,  and  for  a  subsequent  offense  by  a  fine  of 
fifty  dollars  and  by  imprisonment  for  not  less  than  sixty  uor  more  than  ninety 
days.  If  such  vessel,  can.  or  package  is  of  the  capacity  of  not  more  than  two 
quarts,  said  words  may  be  placed  upon  a  detachable  label  or  tag  attached 
thereto,  and  said  letters  may  l)e  less  than  one  inch  in  length,  hut  not  smaller 
than  brevier  gothic  capital  letters. 

Sf.c.  2.  Nothing  in  this  act  shall  be  construed  as  applying  to  condensed  milk, 
or  to  uulk  which  has  been  concentrated  to  one-half  its  volume  or  less. 

Chicago. — The  following  rules,  regulating  the  pasteurization  of 
milk  and  milk  in-oducts,  have  been  adopted  bj'  Dr.  W.  A.  Evans, 
commissioner  of  health  of  the  city  of  Chicago : 

KUI.KS    HKGULiVTING    THE    l'.\STKUKI/,IN(:    OF    MILK    A.\I)    MILK    PRODUCTS. 

Tile  f(]llowing  rules  shall  re^'ulate  the  jiasteurizing  of  milk  and  milk  products 
offered  for  sale,  exposed  for  sale,  or  kepi  with  the  intention  of  selliug  within 
the  city  of  Chicago,  after  January  1,  A.  D.  1909: 

Kui.K  1.  Milk  and  skimmed  milk. — Milk  and  skimmed  milk  shall  not  cou- 
tain  more  than  100,000  bacteria  per  cubic  centimeter  from  May  1  to  Septem- 
lier  .■>(),  and  not  over  .50,000  bacteria  per  cubic  centimeter  between  October  1 
and  Ajiril  80. 

I'lule  2.  Cream,  and  /(•<■  (■(■(■(,/((.— Cream  and  ice  cream  shall  not  contain  more 
than  200,000  bacteria  per  cubic  cenlimeler  from  May  1  to  September  30,  and 
not  over  100,000  bacteria  per  cubic  centimeter  between  October  1  and  April  30. 

Iti'LE  3.  Milk,  skim'mcd  milk,  biiftrnnilk,  cream,  and  ice  cream. — An  origi- 
un\  i)ackage  of  pasteurized  milU.  skinuned  milk,  buttermilk,  cream,  or  Ice 
cream,  exposed  to  the  temperature  of  tlie  room  for  fort.y-eight  hours  and 
stoppered  with  a  sterile  cotton  plug,  shall  not  show  evidences  of  putrefaction, 
after  being  so  exposed. 

Itui.E  4.  Hkiniiiivd  milk  and  lev  cmn/i. —Skiunucd  milk  and  Ice  cream  shall 
give  a  negative  test  when  treated  in  Hie  followini;  luainicr: 

To  r>  c.  c.  of  tlie  pasteurized  product  add'two  diciis  of  a  2  per  cenl  solution 
of  paraphenylenediamin.  and  one  drop  of  a  2  prr  .•ciil  solnliou  of  hydrogen 
jieroxlde,  and  agitate.  Not  ninve  tli.ni  .-i  tinge  of  blue  shall  be  obtained  by  this 
test  within  thirty  seconds  after  mixing. 

Uui.E  r>.  Jiiiltrr.—nuHvv  shall  respond  \t'  llio  lollowiiig  lest: 

Twent.v-five  grams  of  pasteurized  huller  phircd  in  a  small  lie.iker  and  heated 
by  being  placed  in  water  at  (iO°  C..  Ibr  i'I'mf  lMilt<>r  f.il  llien  poured  otT  and 
the  reumiulng  liquid  then  diluted  with  an  eipial  volume  of  water.     The  mixture 
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thus  obtained  is  now  treated  with  two  drons  of  a  2  per  cent  solution  of  r>ara- 
pheiiyleiicdiauiin  and  one  drop  of  a  solution  of  2  per  cent  hydrogen  peroxide. 
When  tlui.s  treated  not  more  than  a  ])erceptible  l)lne  color  shall  be  obtained 
within  thirty  seconds  after  mixing. 

KuLE  6.  PastciirKing  Uinpcraturat. — All  pasteurized  milk,  cream,  skimmed 
milk,  milk  products,  and  milk  and  cream  used  in  the  production  of  milk  prod- 
ucts .shall  be  pasteurized  in  accordance  with  the  following  regulations: 

(A)  Continuous  pasteurization  :  In  all  continuous  pasteurization  the  milk  and 
cream  .shall  be  heated  to  a  temperature  which  shall  be  determined  and  fixed  by 
the  department  of  health  for  each  machine  at  a  point  corresponding  to  the 
temperature  required  to  kill  00  per  cent  of  the  bacteria  and  all  pathogenic 
b;icteria  contained  in  the  raw  product.  I'^or  this  determination  ordinary  raw 
milk  containing  in  the  neighborhood  of  .^OOO.OOO  bacteria  shall  be  used  and  the 
pasteurized  product  shall  be  collected  as  it  tiows  from  the  cooling  apparatus. 

All  continuous  pasteurizers  shall  be  equipped  with  a  feeding  pipe  which 
is  so  constructed  that  the  pasteurizer  can  not  be  fed  in  excess  of  Its  normal 
working  capacity ;  that  is,  in  excess  of  the  working  cajiacity  of  the  machine  at 
which  00  per  cent  of  the  bacteria  are  killed  when  the  required  amount  of  heat 
is  applied. 

All  continuous  pasteurizers  operated  outside  of  the  city  limits,  for  the  produc- 
tion of  pasteurized  milk  and  milk  products  to  be  sold  in  the  city  of  Chicago, 
shall  be  eqnijiped  with  an  apparatus  regulating  automatically  the  supply  of 
steam  and  heat,  so  as  to  correspond  with  and  produce  the  required  temperature 
of  the  outflow  of  the  pasteurized  product.  These  automatic  thermoregulators 
shall  be  accurate,  and  must  be  approved  I'y  the  commissioner  of  health  before 
being  installed. 

A  recording  apparatus  shall  be  installed  upon  all  continuous  pasteurizers 
operated  within  the  city  limits  so  as  to  record  during  operation  the  temperature 
of  the  pasteurized  product  as  it  flows  from  the  heater.  The  thermometer  of 
this  recording  apparatus  nuist  be  accurate  and  kept  emerged  in  the  milk  In  such 
a  way  that  it  is  not  exposed  to  escaping  steam  or  other  heat,  except  the  heated 
milk. 

The  records  made  by  this  recording  thermometer  must  be  accurate  and  made 
in  a  chamber  which  is  kept  under  lock  and  key  in  the  control  of  the  department 
of  health. 

The  automatic  thermo  regulating  and  recording  apparatus  may  be  combined 
into  one  instrument,  and  it  is  recommended  that  all  pasteurizers  be  equipped 
with  both  appliances  or  the  combination  apparatus. 

(B)  Held  pasteurization:  Whenev<'r  milk  is  held  during  pasteurization  in 
such  a  manner  that  the  process  of  pasteurizing  is  not  a  continuous  one,  namely, 
a  continuous  flow  of  milk  through  the  heating  or  bcat-ri>taiuing  chanibcr,  the 
jirocess  shall  be  designated  as  "Held  pasteurization."  Such  methods  of  pas- 
teurization and  pasteurization  appliances  or  systems  installed  and  used  shall 
be  (>xamiued  and  apiirovai  by  the  connnissioner  of  hejilth,  or  his  duly  appointed 
reyiresenia fives,  when  all  of  the  following  requirements  are  fulfilled: 

1.  When  the  pasteurized  product  shows  that  over  00  per  cent  of  the  bacteria 
and  all  i)!itliogenic  bacteria  contained  in  the  raw  product  have  been  destroyed. 

2.  When  the  mechanism  of  the  pasteurizer  or  jiasteurizing  system  is  sucli  that 
the  three  important  elements,  namely,  the  temperature,  time  of  exposure,  .•ind  the 
tpiantity  of  milk  exiiosed  at  one  time,  can  lic  readily  kept  under  control  and  ob- 
servation by  tlie  department   rif  heallli. 

3.  When  the  following  ccaiditious  are  inniplii'd  with: 
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A  uniform  lie.itiiiK  of  140°  F.  aiaintiiinecl  for  twenty  minutes;  ir)0°  F.  main- 
tained for  fifteen  minutes:  155°  F.  maintained  for  five  minutes;  100°  F.  main- 
tained for  one  and  one-half  minutes;  1(55°  l'\  maintained  for  one  minute. 

The  time  shall  be  calculated  from  the  period  that  the  entire  quantity  reaches 
the  required  temperature. 

Rule  7.  Cooling  temperatures. — The  pasteurized  product  shall  be  cooled  at 
once  to  a  temperature  of  45°  F.  or  less.  This  cooling  shall  be  so  conducted 
that  the  pasteurized  product  Is  not  exposed  to  the  air  or  other  contamination. 
This  coolinfr  apparatus  shall  bo  so  constructed  that  it  can  be  readil.v  cleaned 
and  sterilized. 

A'cir  York. — In  the  aniendnionts  of  the  saiiitiUT  code  of  the  depart 
iiient  of  health  of  the  citj^  of  New  York  additional  regulations  for 
the  sale  and  care  of  milk  were  adopted  April  22,  1908.    Among  the 
additions  the  following  rules  apply  to  i^astenrization : 

TASTEUKIZED. 

1.  I'astenrization  of  millv  must  be  carried  out  under  a  permit  therefor  i.ssned 
'by  the  board  of  health,  in  addition  to  the  usual  permit  for  milk  required  l)y 
section"  .50  of  the  sanitar.v  code. 

2.  The  milk  after  pasteurization  must  be  at  once  cooled  and  placed  in  ster- 
ilized containers  and  the  containers  sealed. 

3.  All  pasteurized  milk  must  be  delivered  to  the  consumer  in  sealed  containers 
which  are  jilainly  labeled  "  Pasteurized."  The  labels  must  also  bear  the  date 
and  hour  when  the  iiasteurization  of  the  milk  was  completed,  the  degree  of 
the  heat  emjilo.ved,  the  length  of  time  exposed  to  the  heat,  and  the  number  of 
the  pasteurization  permit  issued  by  the  board  of  health. 

4.  Pasteurized  milk  must  be  delivered  to  the  consumer  within  twenty-four 
hours  of  the  pasteurization. 

5.  \o  milk  shall  be  pasteurized  a  second  time. 

CHANGES   IN   THE   MILK   PRODUCED   BY   HEATING. 

The  changes  produced  in  milk  by  heating  depend  upon  the  degree 
of  heat  and  the  length  of  exposure.  The  exposure  of  milk  to  a  tem- 
perature of  00°  C.  for  a  short  time  does  not  appreciably  affect  its 
chemical  and  physical  properties.  The  boiling  of  milk,  however, 
produces  pronounced  changes.  These  changes  consists  mainly  of  the 
following: 

Decomposition  of  the  proteins,  and  other  complex  nitrogenous 
derivatives;  diminution  of  the  organic  phosphorus;  increase  of  inor- 
ganic i^hosjjhorus;  precijjitation  of  the  calcium  and  magnesium  salts 
and  the  greater  part  of  the  phosphates;  exj)ulsion  of  the  greater  part 
of  tli(!  carljon  dioxide;  caramelization  or  burning  of  a  certain  portion 
of  the  milk  sugar  (lactose),  causing  the  brownish  color;  partial  dis- 
arrangement of  the  normal  enudsion  and  coalescence  of  some  of  the 
fatglobides;  coagulation  of  the  serum  albmnin,  which  begins  at  75°  C. 

The  casein  is  rendered  less  easy  of  coagulation  by  rennin  and  is 
more  slowly  and  imperfectly  acted  upon  by  jjcpsin  and  pancreatin. 
Roiling  gives  the  milk  a  "cooked"  taate.  The  cream  does  not  rise 
well,  if  at  all. 
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"When  the  milk  reaches  about  (>()'-'  C,  a  scuiii  forms  on  the  surface 
which  consists  of — 

'  Per  cent. 

Fatty   matter 45. 42 

Casein  and  albuminoid 50.  .S(i 

Asli '^     3.  72 

Milk  heated  in  closed  vessels  does  not  form  a  pellicle  even  when 
the  temperature  reaches  100°  or  110°  C.  Milk  heated  in  the  open 
air,  after  cooling  forms  a  pellicle  on  the  surface  which  renews  itself 
if  it  is  removed.  It  seems  that  this  pellicle  is  due  mainly  to  the 
drying  of  the  upper  layer  of  the  liquid.  The  cream  probably  does 
not  rise  well  in  heated  milk,  owing  to  the  increase  in  the  viscosity  of 
the  liquid  in  which  it  is  emulsified. 

Heat  kills  the  ferments  in  milk,"  which  according  to  some  authors 
2)lay  a  useful  role  in  digestion  and  metabolism.  We  have  no  direct 
knowledge  of  the  utility  of  these  milk  ferments-  For  the  child  to 
digest  and  assimilate  cow's  milk  to  advantage  the  complex  albumi- 
nous substances  must  first  be  broken  down  by  the  jirocesses  of  digestion 
into  simpler  products  and  again  synthetized.  In  other  words,  cow 
[iroteins  must  be  converted  into  human  proteins.  In  this  process  fer- 
ments play  an  essential  role.  We  know  that  the  digestive  tube  con- 
tains ferments  that  dissolve  and  break  up  the  comj^lex  proteins  into 
simpler  substances,  but  concerning  the  rearrangement  of  the  molec- 
ular structure  into  the  form  best  suited  for  assimilation  we  have 
little  definite  knowledge.  While  ferments  play  an  active  part  in 
both  the  breaking  down  and  the  building  up  processes,  it  remains  for 
future  investigation  to  determine  which  particular  ferments  are  help- 
ful in  the  latter  process.  It  has  been  abundantly  shown  by  laboratory' 
work  that  the  ferments  in  milk,  or  most  of  them,  at  least,  can  with- 
stand a  temperature  ranging  from  60°  to  05°  C.  for  some  time  with- 
out material  injury.  Between  05°  and  70°  most  of  these  are  weakened 
in  their  activity,  and  between  70°  to  80°  all  of  them  are  destroyed, 
even  after  relatively  short  exposure.     (Kastle.) 

Kaw  milk  shows  the  peroxidase  reaction,  whereas  milk  which  has 
been  heated  for  one  hour  at  70°  C.,  or  for  shorter  intervals  at  highei- 
temperatures,  docs  not  exhibit  this  I'caction.  In  this  connection 
Kastle  and  Porch  have  observed  that  on  iieating  milk  to  G0°  C.  for 
20  minutes,  the  peroxidase  reaction  of  many  specimens  of  milk  is  not 
only  not  diminished  but  if  anything  somewhat  intensified. 

"Hipijius  (Dent.  mod.  Woch.,  vol.  27,  1001,  p.  481,  502)  states  that  the  oxi- 
dizing ferments  are  iil)le  to  withstand  temperatures  between  60°  and  65°  C.  for 
a  long  time,  but  are  destroyed  after  a  short  exposure  to  76°  C.  The  lipase,  pr 
fat-spliltiiiK  ferment,  withstands  one  hour's  hoatin;;  at  60°  C,  or  62°  for  a 
short  liuK!;  is  weakened  at  63°,  and  destroyed  at  (i4°  O.  The  proteolytic  fer- 
ment wilhstMiids  oiu!  hour's  heatinn  at  60°  or  half  an  hour  at  65°  O.  The  amy- 
lase wilhsliiiids  one  hour  at  (iO°  and  is  only  deslroyed  at  75°  C.  (See  also 
Kastle  and  Roberts's  article,  No.  10,  p.  313,  this  bulletin.) 
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The  heating  of  the  milk  2:>i'oduces  a  decomposition  of  the  albumi- 
noid matter,  manifesting  itself  by  the  production  of  a  little  hydrogen 
sulphid.  This  gas  may  also  be  ))ro(luced  by  the  action  of  micro- 
organisms. 

It  is  claimed  that  the  heating  of  milk  renders  a  part  of  the  phos- 
phates insoluble,  and  that  this  change  favors  rachitis  in  children  arti- 
ficially fed  ■with  it.  On  the  other  hand  it  appears  to  be  tiie  genei'nl 
opinion  of  physicians  that  rachitis  is  the  result  of  defective  alimenta- 
tion, due  to  causes  other  than  the  changes  in  heated  milk. 

The  heating  of  milk  for  half  an  hour  at  a  temperature  of  l;-»0°  F. 
(05°  C.)  or  over,  has  the  effect  of  entirely  preventing  the  rising  of 
the  cream  or  of  delaying  it  very  materially.  In  normal  milk  the 
larger  proportion  of  the  fat  droplets  agglutinate  into  tiny  globules 
or  masses.  At  a  temperature  of  G5°  C.  or  above,  these  clusters  are 
broken  down  and  the  globules  are  more  homogeneously  distributed 
throughout  the  fluid. 

'  The  cooked  or  scalded  taste  appears  at  about  70°  C,  and  becomes 
more  pronounced  the  higher  the  temperature.  This  is  due  perhaps  to 
changes  in  the  nitrogenous  joroducts  in  the  milk.  The  loss  of  certain 
gases  also  alters  the  taste,  so  that  milk  heated  in  closed  vessels  has  a 
much  less  pronounced  flavor  than  if  heated  in  open  vessels. 

Milk  sometimes  curdles  in  the  process  of  pasteurization.  This  is 
due  to  the  amount  of  acid  and  calcium  salts  vsrhich  it  contains.  In 
order  to  avoid  such  accidents,  Kastle  advises  that  the  only  safe  rule 
to  follow  is  to  determine  the  effect  of  heating  on  small  samples  of  the 
milk,  which  it  is  proposed  to  pasteurize. 

It  has  been  observed  that  cooked  milk  coagulates  with  rennin  more 
slowly  than  raw  milk.  This  effect  is  noted  often  at  temperatures  of 
80°  to  i)0°  C,  but  it  has  not  been  observed  in  milk  heated  to  60°  for 
twenty  minutes.  The  curd  produced  by  rennin  coagulation  in  cooked 
milk  is  softer,  less  tough,  and  more  flocculent  than  that  produced  by 
rennin  coagulation  in  raw  milk.  This  is  believed  to  be  an  advantage 
favoring  the  digestibility  of  heated  milk. 

TEMPERATURE  AND  TIME  OF  HEATING. 

The  two  dominant  factors  that  control  the  temperature  and  time 
at  which  the  milk  should  be  pasteurized  are,  (1)  the  thermal  death 
points  of  pathogenic  bacteria,  and  (2)  the  ferments  in  the  milk.  The 
first  must  be  surely  killed  so  as  to  eliminate  this  danger,  and  the  sec- 
ond should  not  be  affected  sufficiently  to  "  devitalize  "  the  milk." 

"  Kcference  to  the  article  upon  "The  Kermicidiil  property  of  milk,"  Koseiiaii 
.•iiid  McCoy,  p.  455,  shows  that  a  teniperature  of  (!0°  for  twenty  niiiuilos  hut 
KllKlilly  nffci'ts  tliis  property  of  frcsli  r:i\v  iiiilli.  In  old  uiillc  the  so-called 
"  Kcriiiiridal  action"  disappears  sjiontanconsly. 
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So  far  as  we  are  able  to  judge  from  our  present  knowledge  the  best 
tenipei'atnre  is  60°  C.  continued  twenty  minutes.  xV  higher  degree  of 
heat  for  a  shorter  time  is  jr.st  as  etfective  so  far  as  the  tlestrnction  of 
the  bacteria  is  concerned. 

It  may  be  confidently  stated  that  the  tubercle  bacillus  and  the 
specific  micro-organisms  causing  typhoid  fever,  diphtheria,  dys- 
entery, cholera,  etc.,  are  rendered  harndess  by  heating  to  60°  C.  for 
twenty  minutes.  This  ojjinion  is  based  not  only  upon  exjDerimental 
data  which  have  been  obtained  in  the  Hygienic  Laboratory  and  re- 
cently published  '^  but  ujDon  the  experience  and  experiments  of  many 
others  who  have  investigated  this  subject.  It  is  fortunate  that  the 
thermal  death  points  of  the  pathogenic  bacteria  that  most  concern  us 
are  below  those  of  the  ferments  in  milk,  for  in  this  way  all  infectious- 
ness may  be  destroyed  without  "  devitalizing  "  the  milk. 

So  far  as  the  true  bacterial  toxines  are  concerned,  our  knowledge  is 
not  so  precise.  We  know  that  the  true  bacterial  toxines  are  thermo- 
labile ;  that  is,  readily  affected  by  heat.  Kitasato  ''  showed  that  65°  C. 
and  above  is  sufficient  to  destroy  tetanus  toxine  in  five  miutes  or  less. 
It  will  sometimes  withstand  60°  C.  for  ten  minutes,  but  is  destroyed 
at  60°  C.  for  twenty  minutes. 

Diijhtheria  toxine  is  also  rendered  almost  inert  at  about  60°,  and 
botulism  toxine  is  almost  equally  sensitive  to  heat. 

There  is  a  gi'oup  of  bacterial  poisons,  however,  which  resists  high 
temi^eratures.  P'or  instance.  Marshal  and  Gallston  found  that  heat- 
ing the  cell  substance  of  B.  coll  commune  to  134°  C.  for  fifteen  min- 
utes did  not  ai)preciably  lessen  its  toxicity.  Cooley  and  Vaughan 
heated  the  same  substance  in  a  sealed  tube  to  164°  C.  without  ren- 
dering it  inert.  Vaughan  states  further  in  his  recent  Shattuck  lec- 
tiu-e  that  many  crude  bacterial  poisons  withstand  the  boiling  tem- 
perature. The  nature  of  these  ])oisons  is  not  known.  They  are  ob- 
tained by  laboratory  devices,  and  similar  substances  have  never  been 
found  in  market  milk. 

It  must  further  be  observed  that  the  poisonous  properties  of  all 
these  substances  have  mostly  been  determined  by  inoculation  experi- 
ments and  not  by  feeding.  It  can  not  be  denied  that  milk  may  at 
times  contain  heat-resisting  poisons,  but  their  existence  has  been  in- 
fei'red,  not  demonstrated.  Emphasis  is  placed  upon  this  seemingly 
inccmsequential  point,  for  the  reason  that  one  of  the  principal  objec- 
tions to  pasteurization  has  always  I)een  that  the  heat  does  not  neces- 
sarily destroy  the  poisonous  jiroducts  of  bacterial  activity.  If  such 
stable  poisons  are  present  in  milk,  and  heat  does  not  render  them 

"  IlyKieiiic  I.nboratory  Rulletin  42,  "  The  thornml  (lenth  points  of  imthogenic 
iiiicro-ornanlsnis  in  luilk,"  liy  J.  M.  Rosenau,  Wasliinstou,  1008. 

'' Kiliisiito.  S. :  K.xiiorinientullG  rntorsucIuniKi'u  iiber  ilas  TotanusKift.  Zeit.  f. 
Hyt;.,  vol.  10,  ISOI,  p.  267. 
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inert  it  is  a  limitation,  not  a  flisadvantagc  of  the  process.  If  licat- 
resisting  poisons  are  present  in  milk,  the  raw  product  will  be  quite  as 
toxic  as  the  heated,  probabl_y  more  so,  for  the  heat  may  check  the  fur- 
ther i^rodiiction  of  such  substances  by  its  destructive  action  upon 
bacteria. 

At  first,  "sterilization"  at  or  above  the  boiling  point  was  attempted. 
It  was  soon  shown  that  it  was  exceedingly  difficult  to  sterilize  milk 
on  account  of  the  resistant  spores,  and  further,  tliat  a  high  degree  of 
heat  is  not  necessarj'.  A  more  precise  knowledge  of  the  objects  to  be 
attained  has  gradually  resulted  in  lowering  the  temperature  and 
shortening  the  time.  Temperatures  varying  from  9,5°  to  60°  C,  ami 
periods  varying  from  a  moment  to  two  hours,  have  been  variously 
reconnnended  for  the  pasteurization  of  milk.  As  a  rule  the  conti-ol- 
ling  factor  is  the  thermal  death  point  of  the  tubercle  bacillus. 

The  temperature  and  time  determined  by  various  authorities  for 
milk  pasteui'izatioii  follows: 


Authorities. 

Year. 

Tempera- 
ture (°0.). 

Time 

utes) . 

1898 
1907 
1892 
1899 
1899 
1905 
1890 
1900 
1900 

68 
60 
70 
CO 
70 
60 
r.8-fi9 
GO 
CO 

■ai 

•10 

h-m 

•-'0 

so 

r.o 

;iO 

ir>-'jo 

Kussell  &  Hiiiftings  i 

20 

°  Freeman,  .\rch.  Pediat.,  N.  Y.   (1898),  v.  15.  p.  iil4. 

'■  I'>oeman.  .Jour.  .\.  Mod.  Assn..  Vol.  XLIX,  Nov.  2.'?,  1007.  -.'l,  p.  1740. 

<•  Forstor,  liyg.  Rundschau,  Berl.  (1892),  v.  2  (20),  15.  Okt..  p.  S72. 

"  Smith,  Th.,  .T.  Expcr.  Med.,  N.  Y.   (1899),  T.  4.  p.  2.33. 

'  Opponheimer,  Munch,  mod.  Wchnsehr.  (1899),  v.  40.  p.  14U2. 

'  Mippius,  .Jahrb.  f.  Kinderh.   (1905),  v.  61,  pp.  365-384. 

"Bitter,  Ztschr.  f.  Uyi;.,  Leipz.  (1890),  v.  8,  p.  255. 

•  lles.se,  Ztschr.  f.  II.vj;.,  I.elpz.   (1900),  v.  34,  p.  .".47. 

'  Hussell  and  Hastings,  17  Ann.  Rep..  Agric.  Exper.  St.,  Tniv.  Wis.  (lOOOi,  p.  170. 

Ill  view  of  certain  differences  of  opinion  concerning  the  tempera- 
ture' and  time  of  milk  pasteurization,  the  definition  still  lacks  com- 
jik'teness.  Therefore  the  misconceptions  and  confusions  concerning 
the  use  of  the  term  "  pasteurized  milk"  have  added  to  the  prejudice 
against  the  process.  We  should  protest  against  a  word  tchich  means 
a  f/enerah'tj/  and  again  insist  %ipon  all  pasteurized  inilk  being  prop- 
erly labeled  with  the  degree  of  heat,  the  period  of  time,  and  also  with 
the  date  on  'which  it  was  subjected  to  the  process. 

So  far  as  we  may  conclude  from  the  evidence  at  hand,  the  heating 
of  milk  to  ()0°  C.  for  twenty  minutes  destroys  pathogenic  micro- 
organisms without  injuriously  affecting  its  composition  or  (]uality  and 
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\\  ilhont  sensibly  hurting  its  food  value.  We  have  authority  for  the 
^t:ltenlent  that  milk  pasteurized  at  C0°  C.  for  twenty  minutes  is 
■'  live  "'  milk,  rich  in  zymogens,  and  that  such  milk  retains  entirely  th« 
taste  of  fresh  milk  and  is  (juite  as  digestible. 

THE  BACTERIA  AND  TOXINS  CONCERNED. 

Despite  the  great  amount  of  work  done  upon  this  subject,  there  is  a 
diversity  of  opinion  as  to  which  particular  varieties  of  bacteria 
and  their  varied  products  are  responsible  for  the  large  group  of  dis- 
eases comprised  under  the  term  "  gastro-intestinal  infections."  There 
can  be  no  doubt  that  there  is  a  direct  relation  between  the  bacteria 
and  their  products  in  milk  and  the  bowel  complaints  of  children. 
It  is  also  clear  that  these  are  not  all  acute  specific  diseases  due  to 
one  cause.  The  factors  are  complex.  It  is  not  only  the  bacteria  and 
their  poisons  in  the  milk,  but  also  the  bacteria  always  contained 
in  the  gastro-intestinal  canal,  that  jjlay  an  imj^ortant  part.  While 
it  is  undoubtedly  true  that  milk  sows  the  seed  and  often  actually 
contains  the  poison,  it  is  also  well  known  that  a  deranged  digestion, 
which  favors  abnormal  fermentation  and  putrefaction  of  the  milk 
within  the  body,  resulting  in  the  class  of  atfections  known  as  "  auto- 
infections  "  and  "  auto-intoxications,"  here  plays  a  definite  role.  All 
clinicians  agree  that  the  first  essential  for  the  successful  treatment 
of  the  gastro-intestinal  diseases  of  children  is  to  at  once  discontinue 
the  use  of  milk.  The  great  prevalence  of  this  class  of  diseases  in  the 
heated  months  of  summer  makes  it  perfectly  plain  that  the  depress- 
ing influences  of  heat  seriously  affect  the  resistance  of  the  infant. 
At  the  same  time  the  heat  favors  the  growth  and  multiiDlication  of  the 
liacteria  in  the  milk. 

Children  vary  much  in  their  susceptibility  to  the  bacteria  and  the 
bacterial  products  concerned.  The  same  milk  may  act  as  a  violent 
poison  to  one  child  wiiile  another  living  under  thfe  same  conditions 
may  escape. 

Fliigge"  laid  particular  distress  upon  the  peptonizing  bacteria 
which  for  the  most  part  are  spore-bearing  organisms.  The  spores 
survive  the  heat  of  pasteurization  and  have  a  free  field  for  growth 
and  activity.  As  a  ride  the  organisms  known  as  the  lactic  acid  gi'oup 
gain  the  ascendancy  in  raw  milk,  and  these  bacteria  have  a  restrain- 
ing effect  upon  the  great  majority  of  other  species.  Fliigge  found  ;5 
of  the  12  pejitonizing  bacteria  isolated  by  him  from  healed  milk  (o 
have  poiscmous  properties.  Pure  cultures  in  milk,  when  injected  into 
laboratoi'y  animals,  cause  severe  symptoms,  and  in  one  instance  when 
fed  to  a  puppy  produced  fatal  diarrhea. 


"  FliiRKO,  r. :  Die  AiifgiiboTi  iiiul  T.oistnufrcii  dor  Milcli-Slorllisirnii!;  gogeniiber 
den  DariMkiaiiklii'itcM  dcr  Siiiiliiiw.     Zcil.  f.  Ilyg.,  vol.  17,  IS'.M,  p.  L'7'-'. 
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In  a  recent  article  Colwell  and  Sherman  "  point  out  that  the  pas- 
teurization of  milk  at  G0°  C.  appears  to  restrain  peptonization  to 
about  the  same  extent  that  it  restrains  souring.  It  apparently  has  no 
constant  effect  in  rendering  the  milk  either  more  or  less  liable  than 
raw  milk  to  the  development  of  offensive  odors. 

Following  Fliigge,  attention  was  focused  upon  the  peptonizing 
action  of  bacteria.  Tlie  evidence  is  contradictory,  but  for  the  most 
part,  riiigge's  contentions  have  not  been  confirmed.  Recent  investi- 
gations show  that  the  cleavage  of  proteids  by  bacteria  is  much  morn 
like  that  caused  by  the  digestive  juices  than  has  heretofore  been  sup- 
posed. There  is  little  evidence  for  the  view  that  ])oisonous  substances 
can  be  formed  by  the  direct  cleavage  of  proteids  by  bacteria ;  in  fact, 
the  two  best  known  of  the  bacterial  poisons  (diphtheria  and  tetanus 
toxines)  can  be  jiroduced  in  proteid-free  media. 

The  hacterial  toxines. — Much  has  been  written  upon  "  toxines  "  in 
milk.  However,  when  we  sift  the  matter  down  we  find  that  we  know 
practically  nothing  of  the  true  bacterial  toxines  concerned. 

Toxines  are  soluable  chemical  substances  of  unknown  composition 
that  produce  poisonous  symptoms  after  a  definite  period  of  incuba- 
tion and  are  capable  of  inducing  immunity  as  a  result  of  the  produc- 
tion of  antibodies. 

We  are  acquainted  with  \^vy  few  bacterial  toxines.  The  best 
examples  are  tetanus,  diphtheria,  and  the  toxine  produced  by  the 
BaciUiin  hotidismus.  These  toxines  are  not  resistant  to  heat;  they 
are  all  rendered  practically  inert  at  a  temperature  of  60^  C. 

Bacterial  toxines  are  not  the  result  of  proteolytic  action  upon  the 
albumins  contained  in  the  media  in  which  they  grow.  They  may  be 
secreted  by,  or  restdt  from,  the  breaking  down  of  proteids  of  the 
bacterial  cell.  Concerning  their  mode  of  production  and  their  chem- 
ical luiture  we  have  no  definite  knowledge. 

None  of  the  true  toxines  are  poisonous  when  taken  by  the  mouth 
except  the  botidism  toxine.  For  instance,  the  strongest  one  known 
(tetanus)  is  harmless  when  taken  by  the  mouth. ^  We  have  given  a 
guinea  pig  24,000  and  a  mouse  8,000  minimal  lethal  doses  by  the 
mouth  without  appreciable  effect.  It  is,  therefore,  plain  that  the 
effects  of  a  toxic  substance  found  in  milk  when  injected  into  labora- 
tory animals  is  no  criterion  of  its  effect  when  taken  by  the  mouth. 

Particular  attention  is  drawn  to  this  fact  because  much  of  the  ex- 
jjcrimcntal  M'ork  upon  the  poisonous  substances  in  milk  has  been  done 
by  injecting  these  substances  into  the  tissues  of  lowei-  animals.  It  is 
now  plain  that  violent  poisons,  when  introduced  subcutaneously,  may 
be  inert  when  taken  by  the  mouth.     We  nuist  also  be  cautious  in 

"Colwpll,  U.  H.,  and  ShormMn,  H.  C. :  "Chemical  evidence  of  peptonizalion  in 
riiw  and  iiastonrizod  milk."     .Toiu-n.   lUnldK.  ("licm..  Oct.,  1008. 
**  Sua  lie  venom  is  also  liarnilcss  liy  I  lie  mniilli. 
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interpretinff  feeding  experiments  npon  lower  animals  as  applied  to 
man,  especially  when  we  consider  the  great  differences  in  suscepti- 
bility of  the  gastro-intestinal  tracts  of  different  species.  This  differ- 
ence is  marked  even  among  infants,  for  it  is  known  that  not  all  per- 
sons taking  looisonous  milk  suffer  equally,  and  some  escape  altogether. 
The  "  endotoxines  "  and  bacterial  proteids  are  substances  which  are 
more  or  less  firmly  retained  by  the  living  bacterial  cells.  The  poison- 
ous action  of  these  so-called  "  toxines  "  is  closely  associated  with  the 
phenomenon  of  anaphylaxis."  We  are  not  yet  sufficiently  well  ac- 
quainted with  the  composition  and  mode  of  action  of  this  important 
class  of  poisons  to  formulate  their  relation  to  milk. 

The  colon  group. — The  type  of  this  large  group  of  bacteria  was 
Q  first  described  by  Escherich  as  Bacillus  coli  commuae.  'Wliile  the 
^  colon  bacillus  is  undoubtedly  the  cause  of  certain  pyogenic  and  septi- 
cemic conditions,  its  jDower  to  produce  harm  in  milk  is  uncertain. 
Normally  it  is  practically  always  present  in  the  lower  intestines  of 
mammalian  animals,  where  it  doubtless  serves  a  useful  purjiose  per- 
haps by  keeping  harmful  varieties  in  check.* 

The  colon  bacillus  was  at  one  time  regarded  as  the  common  cause 
of  various  diarrheal  infections,  but  it  has  now  been  differentiated  into 
the  dysentery  bacillus,  the  typhoid  bacillus,  and  other  closely  allied 
si^ecies.  Even  now  it  is  difficult  to  disassociate  its  action  from  that  of 
its  closely  allied  cousin,  the  B.  lacticus  aerogenes.  These  two  organ- 
isms sometimes  induce  excessive  fermentation  of  lactose  and  other 
sugars  with  the  production  of  irritating  acids  (especially  acetic  and 
lactic)  and  at  the  same  time  liberate  an  excessive  amount  of  gas, 
thereby  causing  diarrhea. 

The  tijphoid  hacilbis. — It  is  known  that  this  bacillus  often  con- 
taminates milk,  which  thus  becomes  the  vehicle  of  some  of  the  typhoid 
fever  in  large  cities.  The  paratyphoid  and  paracolon  organisms  are 
closely  allied  and  may  doubtless  be  transmitted  in  like  manner.  The 
j)aratyphoid  bacillus  is  a  frequent  cause  of  meat  poisoning,  but  a 
similar  action  in  milk  has  not  been  shown. 

"  Kfisouan.  M.  J.,  and  Aiulcrson,  .Tolin  F.  :  "A  study  of  tlie  CMiise  of  sudden 
(U'adi  foUowinn  the  injection  of  liorso  serum."  Hull.  Xo.  2!)  Ilys-  Lab.,  V.  S. 
I'lil).  II.sillli  :iiid  Mar.  IIosp.  Serv.,  Wasliinsiton,  1!)00, 

Ko.scuau,  .\1.  .1.,  and  Anderson,  .Tolni  F.  :  "Kurtber  studies  niioii  liypersusccpti- 
liility  and  Innnnnily."  I'.ull.  .No.  ;i(j  Ilyg.  Lab.,  U.  S.  I'nb.  Ilciiltb  and  .Mar. 
Ilosp.  Serv.,  VVasbiuKton,  1907. 

Who  Ilyji.  I.al).  Bulls.  Nos.  4.")  and  50,  npon  tlio  same  snbjivl. 

''For  a  full  discussion  of  intestinal  bacteria  and  tlioir  products,  see  Ilerter's 
;idniiriible  l)ooli  on  tlie  Conuuon  Hacti'i'ial  Infections  of  tile  Didcslive  Tract  and 
\\u-  lulo,\ic:itions  .Vrisin^  from  Tbcni.  .'ICO  p,'if.'i'S.     .New  Vorii,  ]',)()7. 
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Tlic  dysentery  bacillus. — Shiga,  who  discovered  this  organism,  now 
recognizes  5  types,  based  on  fermentative  changes.  Tliis  organism, 
like  the  typhoid  bacillus,  is  "  hemiparasitic "'  in  the  sense  used  by 
Herter;  that  is,  it  produces  disease  only  when  the  bacilli  have  been 
introduced  in  considerable  numbers  or  have  had  an  opportunity  to 
nmltiply  owing  to  the  feeble  powers  of  resistance  on  the  part  of  the 
infected  individual. 

It  seems  that  the  nearer  the  various  varieties  of  dysentery  and 
typhoid  bacilli  approach  the  colon  bacillus  the  less  virulent  they 
become. 

The  dysentery  bacillus  has  only  been  known  since  1898  and  its  rela- 
tion to  milk  is  not  well  worked  out,  but  there  can  be  little  doubt  that 
milk  may  by  a  means  of  spreading  infection  by  this  organism. 

The  Baeillus  proteus  or  proteus  vulgaris. — This  is  a  common  organ- 
ism found  frequently  in  normal  feces  in  moderate  numbers  and  com- 
monly contaminates  milk.  This  bacillus  j^roduces  the  tryptic  fer- 
ment that  peptonizes  casein  and  it  also  attacks  carbohydrates.  That 
this  organism  may  induce  acute  diseases  of  the  gastrointestinal  tract 
appears  to  be  well  established. 

The  tuherele  baeillus. — Tubercle  bacilli  have  frequently  been  found 
in  milk,  and  their  relation  to  disease  is  discussed  elsewhere. 

Koch's  cholera  haeillus. — The  specific  cause  of  cholera  requires  an 
alkaline  medium  in  which  to  grow.  As  milk  is  usually  acid  or  soon 
becomes  acid,  the  cholera  vibrio  has  little  chance  of  survival,  though 
small  outbreaks  of  cholera  have  been  traced  to  milk. 

Tlie  Microcoec]is  melitensis. — This  organism  causes  Malta  fever 
and  is  found  in  goats"  milk.  It  is  fully  discussed  elsewhere  in  this 
bulletin. 

The  Baeillus  diplithvria'. — The  diphtheria  bacillus  finds  favorable 
ccmditions  for  growth  and  multiplication  in  milk.  A  number  of  out- 
breaks of  dii^htheria  have  been  traced  to  milk  so  contaminated. 

Streptococci  and  Stapliylococci. — These  form  an  exceedingly  impor- 
tant group  of  organisms  on  account  of  their  frequent  and  exceptional 
virulence.  They  are  almost  constantly  found  in  milk,  frequently  in 
great  luuubers.  Herter  says  that  tiie  luiniaii  intestinal  tract  under 
ju)rnuil  conditions  is  probably  most  ol  tlie  time  free  from  pathogenic 
varieties  of  this  group  of  cocci. 

In  healthy  adults  these  ])athogenic  bacteria  introduced  with  milk 
are  oidinarily  q\iickly  destroyed  in  the  upper  portion  of  the  tract. 
During  infancy  the  digestive  tract  is  very  much  >  less  i-esistant  to 
streptococcic  infection.  An  invasion  of  the  nuicoiis  membrane  by 
streptococci  is  of  frequent  occurrence  and  nuiy  be.associatcil  with 
disturbances  of  almost  any  grade  of  severity'. 

It  has  been  shown  by  liucher  in  this  coiintiy,  and  by  Esclierich  of 
Germany,  that  some  of  the  severest  forms  of  infantile  ileo-colitis  are 
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i~-()ciated  with  streptococcic  infections  and  are  probably  dependent 
,i|)cin  them. 

j  The  Streptococcus  lactis,  first  described  by  Kruse,  has  been  proved 
!  ly  Heinemann  in  this  country  to  be  one  of  the  common  causes  of 
;ii  tic  acid  fermentation  in  milk.  It  appears  to  be  indistinguishable 
IVdui  the  pathogenic  forms  and  is  always  present  in  market  milk. 

ilie  anaerohic  spore-bearing  micro-organisms. — Fliigge  first 
(I'liiited  out  the  importance  of  the  anaerobic  spore-bearing  organisms 
111  milk  and  their  relation  to  infantile  diarrheas.  He  especially 
milled  out  the  B.  hutyricus  (Botkin).  It  now  appears  that  Botkin's 
iiiii  illus  rej^resents  two  distinct  micro-organisms.  Herter  considers 
1 1  Kit  the  B.  putnficus  and  the  B.  aerogenes  capsulatus,  which  grow  in 
iiiilk,  play  an  important  role  in  intestinal  putrefaction.  The  B. 
ii.  I  iif/enes  capsulatus,  for  instance,  produces  poisons  belonging  to 
i!ic  hemolytic  and  proteolytic  class.  According  to  Kamen,"'  it  also 
forms  soluble  poisons  obtainable  by  filtration.  Kamen  likens  this 
poison  to  "  sepsin,"  in  that  it  acts  as  a  respiratory  j^oison  and  induces 
vomiting,  diarrhea,  tenesmus,  and  death.  This  poison  is  not  de- 
stroyed by  heating  to  G0°  for  fifteen  minutes. 

In  addition  to  the  bacteria  and  the  bacterial  products  above  con- 
sidered, the  products  of  fermentation  and  putrefaction  in  milk  have 
long  been  regarded  as  poisonous  substances.  Just  which  of  these 
products  are  the  chief  culprits  is  far  from  being  determined,  although 
nuich  work  has  been  done  upon  the  subject.  The  best  known  prod- 
ucts of  fermentation  and  putrefaction  are  the  following: 

Acids. — Milk  frequently  contains  lactic,  butyric,  acetic,  and  other 
organic  acids,  which  result  from  the  common  fermentative  changes. 
The  higher  volatile  fatty  acids  come  especially  from  the  sjjore-bear- 
iiig  anaerobes,  and  result  from  putrefactive  decomposition  in  the 
milk.  All  these  acids  are  irritants,  by  virtue  of  their  acid  propei'ties. 
If  present  in  considerable  concentration  in  a  healthy  digestive  tract 
or  in  a  more  mf)derate  concentration  in  a  person  with  an  irritable 
stomach  or  with  deranged  digestion  they  may  be  factors  in  extiting 
vomiting  or  diarrhea.  It  is  probable  that  when  these  acids  produce 
acute  symptoms  tiiey  result  more  from  fermentative  processes  within 
the  gastro-intestinal  tract  rather  than  from  those  produced  in  uiillv 
before  it  is  taken. 

The  presence  of  excessive  amounts  of  acids  in  the  intestinal  tract 
may  indirectly  produce  chronic  poisonous  conditions  I)y  roI)hing  the 
organism  of  alkali. 

Bajfic  svhstances. — The  true  bacterial  toxines  were  first  thougiil  by 
\  chemists  to  be  basic  substances  resembling  alkaloids.     We  now  know 

"  Kninen :  Zm-  Ktiologie  dor  CiiisplilcKiiioiie.  Cent.  f.  ItuUl.,  Ov'v^.,  vol.  35, 
V.m,  Pli.  005,  080. 
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that  this  is  not  the  case.  Many  basic  substances,  some  of  tliem  poi- 
sonous, have  been  described  as  ptomaines;  but  their  rehition  to  the 
poisonous  properties  of  milk  is  very  doubtful.  Tyrotoxicon,  one  of 
the  chief  of  these,  studied  by  Vaughan,  is  now  admitted  to  be  rare  in 
milk  and  cheese  and  its  chemical  composition  undetermined.  The 
ptomaines  contain  nitrogen  and  have  generally  been  looked  upon  as 
products  of  decomposition  of  the  proteid  substances  in  milk. 

Cholin  is  a  base  which  can  readily  be  split  off  from  the  fatty  body 
lecithin.  Milk  contains  about  one-tenth  of  1  per  cent  of  lecithin. 
"Wliile  cholin  itself  is  not  very  poisonous.  Hunt  has  shown  that  acetyl- 
cholin  is  100,000  times  more  toxic  than  cholin  itself  and  that  there  are 
other  poisonous  cholin  compounds.  While  acetylcholin  has  never 
been  demonstrated  in  milk,  theoretically  it  is  possible  to  have  a  small 
quantity  of  this  and  allied  poisons  formed.  Lecithin  may  be  deccmi- 
posed  by  bacterial  action,  and  it  is  not  unlikely  that  a  similar  action 
is  responsible  for  i)oisonous  bodies  of  this  group. 

Sulfhur  compounds. — Sulphur  compounds,  such  as  hydrogen  sul- 
phide, while  poisonous,  are  not  present  in  sufficient  quantity  in  milk 
to  give  serious  concern. 

Aromatic  jiroducts,  such  as  the  phenols  and  cresols,  skatol,  indol, 
etc.,  result  from  the  putrefaction  of  albumins  of  the  common  proteid 
foods.  Milk  yields  considerable  quantities  of  tyrosin  from  its  casein. 
The  phenols  and  cresols  are  derived  from  the  breaking  down  of  the 
tyrosin.  Herter  thinks  that  the  phenols  can  not  be  regarded  as  im- 
jjortant  toxic  agents;  moreover,  they  are  produced  by  putrefactive 
l)rocesses  in  the  intestinal  tract  and  are  not  contained  in  any  quantity 
in  milk  when  it  is  consumed. 

To  sum  up  our  knowledge,  we  find  that  certain  bacteria  contained 
in  milk,  such  as  tubercle,  cholera,  dysentery,  typhoid,  diphtheria,  etc., 
may  induce  specific  diseases.  Other  organisms,  such  as  the  virulent 
streptococci  and  staphylococci,  are  capable  of  causing  sever  inflam- 
mations of  the  gastrointestinal  tract.  The  spore-bearing  organisms 
set  up  putrefactive  and  jjroteolytic  changes,  and  nuiy  produce  poisons. 
This  occurs  in  milk,  both  within  and  without  the  bod,v.  The  nature 
of  these  poisons  is  not  known.  So  far  as  we  know,  the  true  bacterial 
toxines  play  little  if  any  role  in  milk  ])()isoning. 

INFANT   FEEDING. 

Prepare  cow's  milk  as  we  may,  we  can  not.  shut,  our  eyes  to  the 
fact  that  it  is  out  of  tlie  (juestion  to  antici|)at('  such  good  results  from 
artificial  feeding  as  from  breast  feeding.  It  is  well  known  that  the 
lowest  death  rate  for  the  (irsi  ycai-  of  life  is  shc~;wn  among  those  in- 
fants who  are  fed  on  good  ImniMii  lucast  milk. 

It  is  the  milk  of  othei-  animals,  usually  the  cow,  which  directly 
or  indii'ectly  kills  the  gi'eatest  number  of  infants.     All  are  agreed  that 
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if  a  child  must  be  artificially  fed  it  is  best  to  use  fresh,  pure  milk; 
Init  when  we  consider  that  thousands  of  infants  in  our  large  cities 
must  depend  upon  the  milk  of  a  cow  many  miles  away,  we  are  con- 
fronted with  a  difficulty  not  readily  overcome.  Nature  did  not  intend 
I  he  3'oung  of  one  species  to  be  raised  upon  the  milk  of  another,  much 
irss  did  it  intend  that  milk  to  be  dirtj^  stale,  and  bacteria-laden.  We 
]i;ive  unanimous  testimony  that  such  milk,  especially  in  the  heated 
months  of  summer,  is  the  cause  directly  or  indirectly  of  the  excessive 
infant  morbidity  and  mortality. 

Tlie  average  city  market  milk  that  has  already  deteriorated  in 
i|iialit3^  can  not  be  revivified.  Xo  known  process  will  make  bad  milk 
iiiiod  milk;  but  further  fermentation  and  putrefaction  in  the  milk  can 
!"■  stojDped,  and  pathogenic  organisms  killed,  by  heating  it  to  60°  C. 
(nv  twenty  minutes.  Bad  milk,  whether  heated  or  unheated,  is  unfit 
fur  infant  feeding,  but  if  infants  must  depend  upon  old  dirty  and  un- 
cared  for  milk  it  would  be  much  better,  especially  in  the  summer 
months,  to  practice  pasteurization,  in  spite  of  its  alleged  disad- 
vantages. 

The  quantity  of  certified  or  clean  milk  in  any  community  is  but  a 
drop  in  the  bucket,  and  until  health  officers  can  assure  a  good  ciuality 
of  milk  the  only  protection  we  have  is  the  expedient  of  heating  it. 

It  is  by  no  means  claimed  that  heated  milk  is  the  ideal  to  be  at- 
tained. On  the  contrary,  we  want  good,  fresh  milk  that  needs  no 
heating.  At  present  it  is  exceedingly  difficult  to  obtain  such  milk 
in  our  large  cities,  and  anyone  who  investigates  the  matter  care- 
fully will  soon  convince  himself  that  it  will  be  many  years  before 
this  is  possible  and  only  after  a  revolution  of  the  milk  industry.  In 
the  meantime  we  must  protect  ourselves. 

Physicians  who  have  had  large  experience  in  the  care  and  feeding 
of  infants  have  a  prejudice  against  the  use  of  heated  milk  for  pro- 
longed periods.  While  it  is  admitted  that  the  use  of  heated  milk 
greatly  diminishes  the  amount  and  seriousness  of  infantile  diar- 
rheas, it  has  been  stated  that  while  the  children  at  first  do  well  they 
may  become  flabby  and  anemic  and  the  subjects  of  scurvy.  It  is 
probably  not  the  heating  but  some  other  factor  in  the  milk  that 
induces  scurvy. 

We  have  the  publisiied  testimony  of  a  large  number  of  pliysicians 
to  the  effect  that  the  use  of  pasteurized  milk  i)roduc:es  no  harmful 
effects  that  may  be  attributed  to  the  heating.  But  when  all  is  said 
and  done  the  pasteurization  of, milk  for  infant  feeding  can  neither 
lie  reconnnended  nor  discountenanced  as  a  general  i)ro]K)si(ion.  The 
saying  that  "one  man's  meat  is  another  man's  poison  "  applies  witii 
sjieeial  significance  to  the  artificial  feeding  of  infants.  The  general 
pasteurization  of  all  milk  used  for  the  nourishing  of  infants  would 
3414— Bull.  50—09 42 
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be  as  ii'rational  as  the  general  use  of  one  formula.  Each  infant  is 
a  law  unto  itself,  and  whether  it  is  to  receive  heated  or  unheatecl  milk 
must  depend  entirely  upon  the  conditions,  especially  the  season  of  the 
year  and  the  quality  of  the  milk  available. 

Scurvy. — Scurvy  occurs  in  children  fed  both  upon  pasteurized  and 
unpasteurized  milk ;  it  may  even  occur  in  breast-fed  infants.  Scurvy 
is  at  most  a  comparatively  rare  disease.  As  there  are  countries  where, 
despite  sterilization,  scurvy  practically  never  occurs,  the  cooking  of 
the  milk  can  not  be  the  only  cause  of  this  disease.  It  is  not  a  new  dis- 
ease, but  was  described  in  infants  for  the  first  time  only  a  decade  ago. 
Even  at  the  present  time  the  disea.se  is  often  not  recognized  by  clini- 
cians. Formerly  the  condition  was  called  "  acute  ricketts  "  (Moeller) . 
In  Germany  we  are  told  the  disease  is  either  exceedingly  rare  or  not 
recognized.  For  a  long  time  the  French  claimed  that  the  disease  did 
not  exist  among  them,  but  during  the  past  two  or  three  years  there 
hf^ve  been  occasional  reports  of  isolated  cases  (Netter). 

The  disease  was  first  studied  by  English  clinicians  and  we  are  es- 
pecially indebted  to  Barlow,  who,  after  a  study  of  11  cases  with  post- 
mortem results  of  2,  showed  the  essential  features  of  the  disease  and 
gave  it  the  name  of  scurvy.  It  is  often  spoken  of  as  Barlow's  dis- 
ease," or  the  Moeller  *-Barlow  disease. 

We  do  not  know  whether  scurvy  has  increased  greatly  during  the 
past  twenty  years,  or  whether  our  more  precise  knowledge  of  the  dis- 
ease has  made  this  apparent.  Those  who  believe  the  disease  is  in- 
creasing attribute  this  fact  to  the  use  of  dried  proprietary  infant 
foods  and  the  increasing  use  of  heated  milk. 

The  proper  ti'eatment  of  infantile  scurvy  gives  almost  miraculous 
results.  "  Within  a  few  houi's  a  pitiable,  suffering  little  paralytic 
is  transformed  to  a  contented  baby  waving  its  arms  and  legs  in  the 
sheer  joy  of  living."  This  may  be  simply  brought  about  by  the  use 
of  fresh  milk,  fruit  juices  (orange,  grape,  or  pineapple),  beef  juice, 
egg  albumen,  or  puree  of  potato,  according  to  the  child's  digestive 
capacity.  Scurvy  is  thus  not  only  readily  preventable,  but  amenable 
to  treatment,  and  it  would  .seem  that  those  who  have  to  choose  be- 
tween the  use  of  badly  contaminated  milk,  with  its  serious  conse- 
quences, and  the  remote  possibility  of  scurvy  as  a  result  of  pasteuriza- 
tion, should  not  hesitate  hmg  in  the  choice. 

I  have  made  a  careful  compilation  from  the  literature  of  the  re- 
sults of  raising  children  upon  heated  milk,  and  find  hundreds  of  in- 
stances recoi'ded,  especially  by  P^rench  observers,  to  the  effect  that 
children  flourish  well  upon  heated  cow's  milk  and  without  the  pro- 

" HmWow  :  Mori,  and  Chir.  Transactions,  I,citm1(iii.     \'i)1.  (ill,  ji.  s."!. 
''Moeller:   Akute  Kacbitls.     Konlgsbor^.   iiicd.  .Talub.,   15(1.   I    (5!)),  and   lid. 
Ill   (02). 
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I'tion  of  scuri-y.  But  in  view  of  the  fact  that  scurvy  is  either  rare 
not  recognized  in  France  we  must  examine  these  figures  critically. 
Some  of  this  evidence  follows: 

Vai-iot"  in  a  recent  communication  sums  up  his  experience  with  the 
i;-('  of  heated  milk  for  infant  feeding  as  follows: 

At  the  dispensary  of  La  Goutte  de  Lait  de  Belleville,  wliich  I  have  directed 

^ (-  1892.   we  have  distributed  for  twelve  years  in  the  poorest  quarters  of 

I'll  is  about  400,000  bottles  of  sterilized  milk  to  more  than  3,000  infants  of  the 

\' nrking  class  deprived  of  their  mother's  milk.     With  my  collaborateurs,  MM. 

!  M  <.  Dufestel,  Lazard,  and  Roger,  we  have  made  a  study  of  the  artificial  feed- 

-  with  sterilized  milk  and  the  results  of  our  experiments  are  so  decisive,  each 

-'■  controlled  by  weight,  and  an  examination  of  the  organs  and  functions,  that 

think  our  results  merit  ptiblication. 

I'he  milk  received  from  farmers  in  the  country  is  heated  to  108°  C.  before 
■ :  Misportation  in  the  bottles  of  half  a  liter,  stoppered  with  cork  and  the  medical 
il.  This  milk  keeps  several  days  without  alteration,  even  during  the  greatest 
1 1  of  summer.  It  is  delivered  daily  at  the  Belleville  dispensary  to  100-150 
Milts.  Every  week  or  oftener  if  necessary  the  infants  are  weighed  and 
jic'Ctod  with  care,  records  of  which  are  kept.  The  following  are  some  of  the 
I -lusions  of  the  results  of  twelve  years'  experience: 

! .  The  milk  sterilized  at  108°  C.  preserves  all  of  its  nutritive  value.     It  is 
'i  inferior  to  milk  pasteurized  at  80°  C.  or  with  heating  at  100°  C.  in  the  appa- 
ratus of  Soxhlet. 

2.  The  destruction  by  the  heating  of  the  enzymes,  the  slight  alteration  of  the 
lactose,  the  doubtful  precipitation  of  the  citrate  of  calcium,  or  the  altei-ation 
of  the  lecithins  does  not  affect  its  assimilability  in  an  aiipreciable  manner.  Not 
one  case  of  infantile  scurvy  has  been  observed  by  the  dispensary. 

3.  Thanks  to  this  sterilized  milk  we  have  been  able  to  raise  not  only  healthy 
infants,  btit  also  atrophic  infants,  retarded  in  their  development  as  a  result  of 
gastro-intestinal  troubles. 

4.  Uaehitis  did  not  develop  in  any  of  the  infants. 

5.  In  ."i.OOO  infants  of  the  poorest  class  about  3  or  4  per  i-cut  showed  them- 
selves hicaiinblc  of  using  sterilized  milk. 

6.  Constipation  and  anemia  were  not  rare  among  the  iufants  I'aised  liy  this 
method.  On  the  other  hand  the  summer  diarrheas  were  markedly  attenuated 
in  severity. 

Berlioz ''  reports  favorable  results  from  the  use  of  sterilized  milk. 
He  believes  that  with  such  milk  we  are  capable  of  enormously  re- 
ducing infant  mortality.  From  1894  to  18!)7  he  distributed  sterilized 
luiik  to  the  poor  of  (irenoble  during  the  months  of  July,  August,  and 
September.  It  was  sterilized  in  an  autoclave  at  110°  C.  for  half  an 
iiDur  in  bottles  containing  200-250  cubic' centimeters. 

"  Variot,   M.   G. :  Valeiir  nutritive  du   lait  de  vache  sterilise  k  108°   pour 

I'allaitenient   artificiel.     ('oni)i.    rend,   dcs  seances   lie    I'Acad.   d.    Sci..   vol.   l.'iO, 
l!t04.  I).  10(12. 

'' I'.udin,  M.  I'.:  .Sur  lo  lait  stOrilLse.  Bull,  de  I'.Vcad.  de  mfd.,  o'""  ser.,  vol 
.■;7,  1807,  p.  685. 
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The  use  of  this  milk  save,  the  folio-wing  death  rates: 


Year. 

(A.) 

Children 

fed  on  milk 

not  sterilized 

(per  1,000). 

(B.) 
Children 
fed  on  steril- 
ized milk 
(per  1,000). 

1894   

66.8 
86,9 
M.O 

2.5.6 

1895       • . . . 

42.2 

1896 

16.1 

69.3 

27.9 

The  diiference  in  favor  of  .sterilized  milk  is  much  more  striking 
than  the  figures  indicate,  for  Class  A  includes  bottle  and  breast-fed 
children,  while  Class  B  includes  only  bottle-fed  children.  Further, 
the  first  figures  are  compiled  from  children  of  the  better  class,  while 
the  latter  are  drawn  from  children  of  the  poorer  classes. 
.  Carel,"  from  observations  upon  infants  of  the  working  classes  in 
Paris,  recommends  the  use  of  sterlized  milk  from  the  time  of  wean- 
ing. He  believes  further  that  the  use  of  sterilized  milk  has  brought 
about  a  reduction  in  the  dangers  to  infants  to  a  minimum.  In  in- 
fants of  normal  weight  and  good  health,  nourished  with  sterilized 
milk,  the  dentition  joroceeds  normally  and  the  mortality  from  gastro- 
enteritis is  nil. 

From  a  comparison  of  two  series  of  observations  of  infants  coining 
from  families  of  the  same  social  conditions,  living  in  the  same  quarter, 
and  of  whom  the  mothers  had  received  the  same  advice,  there  oc- 
curred 31.8  per  cent  of  rachitis  among  those  nourished  with  ordinary 
milk  (210  obsei-vations) .  The  proportion  of  rachitis  in  373  infants 
who  received  sterilized  milk  was  only  15  per  cent.  None  of  the  373 
infants  given  sterilized  milk  pi'esented  any  symjjtoms  of  infantile 
scurvy  (Barlow's  disease). 

Budiii  and  Chavane,*  1894,  ivported  15  successful  cases  in  1892  and 
1893  of  infants  fed  upon  milk  .sterilized  at  100°  C.  in  a  water  bath 
and  used  within  twenty-four  hours.  They  give  in  detail  the  increase 
in  weight  and  the  condition  of  each  infant. 

Maygrier/'  1901,  states  that  of  590  infants  wlio  received  sterilized 
milk  from  1878  to  1901  not  one  died  of  diarrhea.  Much  similar  testi- 
mony to  the  same  etl'ect  could  be  brought  forward. 

While  the  evidence  is  clear  that  many  children  are  successfuU}^ 
raised  upon  milk  heated  even  above  the  boiling  point,  on  the  other 

"Ciivel,  Aniiaml:  I-e  Init  str-rllsf.    Paris,  theses,  1002-3. 

''  HiKlin,  r..  and  Cbavmio'.  A. :  De  ronijiloi,  pour  les  iioiirrissous,  <lii  lalt  stf- 
rilisC'  :1   100  doKrOs  iiil  liiiili-lii;iric.     Hull,  ilc  .\r;i(l.   iiiril..  :!'""  si'r..   vol.  .TJ,  l.SM, 

I).  (;7. 

'•Miijwier:  T,n  (•onsiillnlinn  di'  n -rissoiis  i1  l:i  ('li.'irilr,  ilc  ISDN  i1  I'.iOl.    Ob- 

stOtrlque,  vol.  «,  V.mi. 
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iiand  we  have  a  number  of  cases  of  scurvy  following  the  use  of  heated 
milk,  the  condition  ceasing  with  the  use  of  raw  milk.  Of  the  379 
cax's  of  scurvy  brought  together  in  the  report  of  the  American 
IV'diatric  Society  in  1898,  sterlized  milk  was  the  previous  diet  of  107. 

lOvery  physician  knows  from  observation  that  some  children  do 
\(iv  well  ufion  cooked  milk.  It  is  also  generally  known  that  it  is 
(;t'l<'n  only  necessary  to  correct  the  general  dietary,  to  prevent  over- 
t  reding,  and  to  correct  the  formula,  in  order  to  convert  an  apparently 
l>;id  milk  which  is  not  agreeing  with  an  infant  into  a  good  food. 
( )ften  at  the  same  time  the  heating  of  the  milk  is  discontinued  and 
tlic  good  results  of  the  change  are  credited  to  the  use  of  raw  milk. 

The  results  of  animal  experiments  are  somewhat  contradictory 
and  rather  unsatisfactory.  Observation  upon  infants,  however,  gives 
I  ~  ilefinite  results.  Finkelstein,  for  instance,  has  shown  that  infants 
i\  idently  do  worse  with  cooked  woman's  milk  than  with  raw  milk. 
lliese  exjoeriments  correspond  entirely  with  similar  experiments  made 
w  ith  cow's  milk  upon  calves.  Finkelstein  next  made  the  experiment 
lit'  feeding  cooked  and  uncooked  cow's  milk  to  children.  He  used  the 
1)1 -r  milk  obtainable  in  Berlin,  and  was  careful  to  use  the  same  milk 
ill  both  cases.  The  additions,  dilutions,  and  other  conditions  were 
precisely  the  same.  The  only  factor  which  varied  was  that  in  one 
instance  the  milk  was  cooked  and  the  other  raw.  A  study  of  these 
parallel  cases  does  not  show  any  essential  difference  so  far  as  nutri- 
tion is  concerned  between  those  receiving  the  raw  milk  and  those 
receiving  the  cooked  milk.  Finkelstein  tells  us  that  similar  experi- 
ments made  in  Stockholm,  but  continued  over  a  longer  time,  viz, 
three  years,  confirms  his  observations  and  failed  to  show  any  differ- 
ence between  the  two  methods. 

So  far  as  other  metabolism  experiments  on  infants  are  concerned 
they  likewise  practically  all  point  to  the  conclusion  that  raw  milk 
has  no  ad\antage  over  cooked  milk.  Tliis  is  especially  evident  with 
respect  to  the  organic  constituents  of  milk.  So  far  as  the  metabolism 
of  the  mineral  substances  is  concerned  the  evidence  is  somewhat  con- 
tradictory. Thus,  Mueller  and  Cnmheim  found  the  calcium  balance 
to  favor  raw  milk."  These  results  have  not  l)een  confii'med  by  the 
work  of  others. 

Krasnog(u-ky  found  that  iron  is  taken  up  more  readily  fi-oni  cooked 
than  from  raw  milk. 

So  far  as  we  are  able  to  conclude  from  tlie  evidence  at  hand  upon 
metabolism  experiments,  raw  milk  certainly  lias  no  advantages  over 
cdoked  milk. 


"  Fliikelstoiii,    II.:     Die     nilic    Arilcli     in    dci-     SMiilin^'siiniiliniii;;,       Tlu'iap. 
MoiiutKli.,  vol.  21,  Octolicr,  IliOT,  p.  r>{tS. 
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A\Tien  we  consider  that  we  know  practically  nothinfj;  of  the  essen- 
tial nature  of  scurvy  we  must  be  cautious  in  considering  the  con- 
nection between  pasteurization  and  scurvy  as  cause  and  effect. 
Rotch,"  for  instance,  says: 

In  those  cases  where  scorbutus  has  apparently  occurred  In  infants  who  weii 
being  fed  on  millj  heated  to  212°,  it  may  have  been  some  other  quality  in  tin 
millv  which  produced  the  scorbutus,  and  that  either  the  percentages  which  tlir 
infant  has  been  fed  upon  are  not  those  which  are  adapted  to  and  fitted  to  tli:it 
especial  infant  or  that  it  is  an  exceedingly  dirty  mills  which  they  have  been 
boiling  at  212°,  and  which  necessarily  does  not  become  a  sterile  milk  in  tlie 
meaning  of  infecting  the  individual. 

The  unsatisfactory  state  of  our  knowledge  upon  this  subject  is 
evident  from  the  following  views  recently  expressed : 

Rummell "  doubts  the  relationship  between  the  Mueller-Barlow's 
disease  and  sterilized  milk.  The  cause  of  this  disease,  despite  the 
great  literature  upon  it,  is  entirely  unknown.  The  fact  that  tin 
occurrence  of  infantile  scurvy  varies  so  much  in  different  regions 
leads  one  to  suppose  that  perhaps  it  has  some  relation  to  the  food  of 
the  cow  rather  than  to  the  heating  of  the  milk.  That  the  disease 
.seems  to  be  brought  about  sometimes  by  high-grade  sterilization  of 
the  milk,  in  an  analogous  way  to  scurvy  in  adults,  .seems  probable. 
Animal  experiments  have  been  very  contradictory  and  have  not 
yet  done  much  to  clear  up  the  situation. 

KoepjDen "  looks  upon  scurvy  as  an  auto-intoxication  brought 
about  by  intestinal  putrefaction,  which  process  is  favored  in  children 
artificially  raised. 

Recent  evidence  (see  Schereschewsky's  paper,  article  No.  23,  in  this 
bulletin,  p.  687)  points  to  the  fact  that  scurvy  may  be  brought  about 
by  lack  of  the  vegetable  inorganic  salts  of  alkaline  bases,  especially 
potassium,  in  the  infant's  dietary.  This,  combined  with  the  injurious 
effects  of  a  high  percentage  of  fat  in  the  food,  may  bring  about 
serious  disturbances  of  digestion  and  metabolism,  favoring  the  pro- 
duction of  the  scorbutic  condition.  If  this  view  is  correct  it  entirely 
eliminates  the  iieating  of  the  milk  as  an  etiologic  factor. 

The  admirable  work  of  Hoist  and  Frillich'^  (1907)  goes  far  to 
clear  uj)  many  of  the  doubts  concerning  the  etiology  of  scurvy.  These 
investigators  have  produced  a  disease  in  guinea  pigs  practically  iden- 
tical with  human  scurvy.     This  was  done  with  a  one-sided  diet  con- 


"  Rotch,  Thomas  Morgan :  "  The  pasteurization  of  milk  for  public  sale."  Am. 
.Tourn,  Pub.  TTyg.,  vol.  17.  May,  1907,  p.  LSI. 

''Uuninicll,  O. :  Sterilisierte  MilchV     Dent.  I'ra.xis,  vol.  ]:5,  1004,  p.  201-207. 

'•  I\o<'pii(.'n  :  Zur  Moeller-Barlow'sclien  Krankheit.  Jahrb.  f.  Kinderhoilk.  Bd. 
41.     l.S()7. 

''Hoist,  A.,  and  i<'r;iiicli.  'J\  :  "  Kxiicrlnicntal  studies  relating  to  sliip  berilxu'i 
and  scurvy,"  (11)  "On  the  eliology  of  scurvy."  Journ.  llyg.,  vol.  7,  Oct.,  3907, 
p.  034. 
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sisting  of  various  sorts  of  grain,  groats,  and  bread.  The  guinea  pigs 
did  not  get  the  disease  when  fed  upon  a  one-sided  diet  consisting  of 
fresh  cabbage  or  fresh  potatoes,  whereas  it  was  produced  by  dry 
potatoes;  that  is,  the  disease  originates  in  guinea  pigs  as  well  as  in 
man  as  a  result  of  a  diet  confined  to  some  sjsecial  nutriments. 

Hoist  and  Frolich  also  observed  that  the  disease  in  guinea  pigs  js 
favorably  influenced  by  different  sorts  of  nutriments  known  from 
human  experience  as  ''  antiscorbutics."  They  found,  however,  that  at 
least  one  of  their  nutriments,  viz,  cabbage,  loses  a  deal  but  not  all  of 
its  preventive  power  when  boiled  for  half  an  hour  at  110°  C.  There 
is  no  evidence  to  show  that  moderate  heating,  such  as  is  used  in  the 
pasteurization  of  milk,  in  any  way  affects  the  scorbutic  or  antiscor- 
butic qualities  of  a  food. 

Infant  mortality. — It  is  now  well  established  that  the  large  major- 
ity of  infantile  deaths  is  caused  by  gastro-intestinal  diseases.  Fur- 
ther, that  this  great  fatality  occurs  especially  among  artificially 
raised  infants,  and  finally  that  the  vast  majority  of  cases  and  deaths 
from  bowel  troubles  in  children  occur  during  the  heated  term.  The 
infant  mortality  in  all  countries  is  shockingly  high.  This  is  shown 
to  be  unnecessary  by  the  fact  that  infants  who  are  well  cared  for 
show  a  relatively  low  mortality.  Defective  feeding  is  the  active 
cause  of  this  high  mortality,  while  heat,  humidity,  and  bad  surround- 
ings are  contributary  causes.  It  must  be  remembered  that  the  normal 
intestinal  mucous  membranes  are  permeable  to  bacteria,  and  more  so 
during  the  period  of  infantile  than  of  later  life.  Hence  one  of  the 
great  dangers  of  using  bacteria-laden  milk.  While  the  factors  in- 
volved in  this  "  slaughter  of  the  innocents  "  are  numerous,  primarily 
or  secondarily  they  depend  upon  the  activity  of  micro-organisms. 
Freeman "  believes  that  the  decline  in  the  infant  mortality  in  the 
United  States  during  the  last  ten  years,  and  esjDecially  in  New  York 
City,  is  due  for  the  most  part  to  the  decline  in  mortality  from  sum- 
mer diarrhea,  and  states  "  that  the  general  adoption  of  pasteurized 
and  slei'ilized  milk  for  infant  feeding  is  by  far  the  most  important 
agency."  A  definite  exami)ie  of  the  diminution  in  mortality  from 
pasteurizing  the  milk  occurred  in  the  infants'  hospital  at  Kandails 
Island,  where  the  mortality  in  1897,  with  raw  milk,  was  44.3()  per 
cent,  while  in  1.S9S,  witii  pasteurization  of  tlie  milk,  it  was  19.80  per 
cent. 

Numerous  similar  instances  of  the  benelicial  eil'ect  upon  infant 
mortality  and  morbidity  are  found  in  the  literature. 

A  reduction  in  tlie  infant  mortality  may  be  accomplished  without 
\\\i\  heating  of  the  milk.  Tiiis  has  been  shown  by  Doctor  (loler,  who 
conducted  an  aggressive  campaign  to  improve  the  milk  supply  for 

"  Freeiuaii,  Kulaud  G. :  Medical  News,  Sept.  5,  1905. 
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infant  feeding  in  Rochester,  N.  Y.  His  methods  consisted  mainly  in 
education  in  tlie  nursery  and  on  the  dairy  farm.  The  clean  milk 
obtained  thus  and  distributed  through  milk  depots  resulted  in  lower- 
ing the  death  rate  in  children  under  5  years  from  33  per  cent  fi-om  all 
causes  to  20  per  cent,  and  now  (1907)  it  is  15  per  cent. 

Park  and  Holt"  studied  groups  of  infants  in  the  tenement  houses 
and  institutions  in  New  York  for  periods  of  about  three  months  in 
the  summers  of  two  years  (190'2-3).  This  work  is  the  most  impor- 
tant evidence  we  have  on  the  subject,  for  it  combines  careful  clinical 
observation  with  laboratory  studies.  Although  the  number  of  cases 
was  comparatively  small,  the  results  obtained  were  almost  identical 
during  the  two  summers,  and  indicate  that  even  fairly  pure  milk, 
when  given  raw  in  hot  weather,  causes  illness  in  a  much  larger  per- 
centage of  cases  than  the  same  milk  given  after  pasteurization.  A 
considerable  percentage  of  infants,  however,  did  apparently  as  well 
on  raw  as  on  pasteurized  milk.     Park  and  Holt  conclude  in  part : 

The  number  of  bacteria  which  may  accumulate  before  milk  becomes  notice- 
ably harmful  to  the  average  infant  in  summer  differs  with  the  nature  of  the 
bacteria  present,  the  age  of  the  milk,  and  the  temperature  at  which  it  has 
been  keiit.  When  milk  is  taken  raw  the  fewer  bacteria  present  the  better  are 
the  results.  Of  the  usual  varieties,  over  1,000,000  bacteria  per  cubic  centi- 
meter are  certainly  deleterious  to  the  average  infant.  However,  many  infants 
take  such  milk  without  apparently  harmful  results.  Heat  above  170°  P. 
(77°  C. )  not  only  destroys  most  of  the  bacteria  present,  but  apparently  some  of 
their  poisonous  products.  No  harm  from  the  bacteria  previously  existing  in 
recently  heated  milk  was  noticed  in  these  observations,  unless  they  had 
amounted  to  many  millions,  but  in  such  numbers  they  were  decidedly  dele- 
terious. 

When  milk  of  average  quality  was  fed  sterilized  and  raw,  those  infants  who 
received  milk  previously  heated  did  on  the  average  much  better  iu  warm 
weather  than  those  who  received  it  raw.  The  difference  was  so  quickly  mani- 
fest and  so  marked  that  there  could  be  no  mistaking  the  meaning  of  the 
results. 

A  few  cases  of  acute  indigestion  were  seen  immediately  following  the  use  of 
I)asteurized  milk  more  than  36  hours  old.  Samples  of  such  milk  were  found  to 
contain  more  than  100,000,000  bacteria  per  cubic  centimeter,  mostly  spore- 
bearing  varieties.  The  deleterious  clTeets.  though  striking,  were  not  serious  or 
lasting. 

After  the  first  twelve  months  of  life,  infants  are  less  and  less  affected  by  the 
bacteria  in  milk  derived  from  healthy  cattle.  According  to  these  observations, 
when  the  milk  had  been  kept  cool  the  bacteria  did  not  appear  to  injure  the 
children  over  3  years  of  age  at  any  season  of  the  year,  unless  in  very  great 
excess. 

"  Park,  \Vm.  H.,  and  Holt,  L.  Emmett :  "  Report  ui)on  the  results  with  differ- 
ent kinds  of  pure  and  impure  milk  in  infant  feeding  iu  tenement  houses  and 
institutions  of  New  York  City:  A  clinical  and  bacteriological  study."  Medical 
News,  vol.  S3,  1903,  p.  lOOC. 
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The  general  practice  of  heating  mUk,  which  has  now  become  a  custom  among 
the  tenemeut  populatlou  of  New  York,  is  undoubtedly  a  large  factor  in  the  less- 
ened infant  mortality  during  the  hot  months. 

Only  the  purest  milk  should  be  taken  raw.  especially  in  summer. 

No  discussion  of  the  subject  is  complete  without  recognition  of  the 
debt  the  worki  owes  Mr.  Nathan  Straus  for  his  early  and  persistent 
advocacy  of  pasteurization  and  the  establishment  of  his  infants'  milk 
depots.  Through  his  influence  and  philanthropy  this  movement  has 
now  spread  to  many  cities  of  this  country  and  abroad. 


Mr.  Emilc  I?erliner,  of  Wasliington,  has  also  for  many  years 
pointed  out  the  dangers  in  raw  milk  and  tauglit  the  wisdom  of 
"scalding"  milk. 

HOME  PASTEURIZATION. 

If  pasteurization  is  to  be  done  perhaps  tiie  best  place  to  do  it  is  in 
the  home,  but  the  heating  of  milk  to  just  ('>0°  and  the  holding  of  it 
to  just  tiuit  temperature  for  twenty  minutes,  then  cooling  it  raiiidly. 
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requires  intelligence  and  careful  manipulation.  With  the  possible 
exception  of  infant  feeding,  it  would  perhaps  be  better  and  cheaper 
to  pasteurize  the  milk  in  bulk  under  competent  supervision  instead 
of  leaving  it  to  the  usual  carelessness  of  cooks,  who  can  not  be  expected 
to  master  the  technic  nor  appreciate  the  difficulties.  Imperfect  pas- 
teurization may  be  worse  than  none,  for  it  may  result  only  in  further 
contamination  of  the  milk. 

Milk  pasteurized  in  the  home  is  commonly  heated  too  high  and 
not  rapidly  cooled. 

The  most  practical  home  pasteurizer  is  that  devised  by  Freeman." 
The  following  experiments,  made  in  the  Hygiene  Laboratory,  with 
Freeman's  pasteurizer  show  its  efficiency  : 

Test  No.  A  with  Freeman's  Pasteurizer. 

Temperature  of  milk,  9°  C: 

Temperature  of  water  iu  jacket,  25°  C. 

Milk  introduced  into  boiling  water  and  removed  from  the  fire. 
Milk  temperature —  °  C. 

Five  minutes  after  immersion  in  boiling  water 47.  5 

Ten  minutes  after  immersion  in  boiling  water 63 

Fifteen  minutes  after  immersion  in  boiling  water 67.  4 

Twenty  minutes  after  immersion  in  boiling  water 68.  S 

Twenty-five  minutes  after  immersion  in  boiling  water 68.  0 

Twenty-eight  minutes  after  immersion  in  boiling  water 68.  9 

Whole  time,  twenty-eight  minutes. 

Above  67°  C.  for  thirteen  minutes. 

Took  fifteen  minutes  in  running  tap  water,  at  22°  C,  to  cool  milk  to  30°  C. 

The  results  follow : 


Milk  from — 
Dairy  I.. 
Dairy  K., 
Dairy  L . 
Dairy  M. 
Dairy  N. 
Dairy  0. 
Dairy  P. 
Dairy  Q  . 


34,600,000 
1,050,000 
80,000 
2, '200, 000 
2,100,000 
1,900,000 
2,400,000 
2,000,000 


1,200 
None. 


I 


"  Freeman,   Rowland   G.  :  "  Low   temperature   pasteurization   of   milk   at    about   C8°    C. 
(ir)."."  F.)."      .\rcli.  of  Fed.,  18!)6. 

»  Colonies  on  agar  plates  after  tweuty-four  hours'  incubation  at  37°  C. 
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Test  No.  It  with   Freeman's  Pasteurizer. 

Temperature  of  milk,  11°   V. 

Temperature  of  water  iu  jacket,  22°  C. 
Temperature  of  milk —  °  C. 

Five  minutes  after  immersion  in  boiling  water 50 

Ten  minutes  after  immersion  In  boiling  water 63 

Fifteen  minutes  after  immersion  iu  boiling  water 66.6 

Twenty  minutes  after  immersion  in  boiling  water 67.5 

Twenty-five  minutes  after  immersion  iu  boiliug  water 67.7 

Thirty  minutes  after  immersion  in  boiling  water 67.4 

Tliirty-tive  minutes  after  immersion  iu  boiling  water 67 

Forty  minutes  after  immersion  in  boiling  water 66.  6 

Forty-tive  minutes  after  immersion  in  boiling  water 66 

It  took  thirteen  minutes  iu  running  tap  water,  at  22°  C,  to  cool  the  milk  to 
30°   C. 

Whole  time,  forty-five  miuutes. 

Above  65°   C,  thirty  miuutes. 


Milk  from — ■ 
Dairy  A . 
Dairy  B . 
Dairy  C . 
Dairy  D  . 
Dairy  E . 
Dairy  K . 
Dairy  G . 
Dairy  H. 


1,900,000 
2,500,000 
2, 100, 000 

440, 000 
1,090,000 
29,800,000 
1,420,000 

590,000 


500 
50 
None. 
200 
1,750 
None. 
2,650 


"  Coloniesi  on  agar  plates  after  twenty-four  hours"  incubation  at  37°  C. 

Note, — Recently  (November,  1907)  Freeman  has  modified  his  pasteurizer  so  that  the 
milk  Is  heated  to  00°  i'.  for  forty  minutes.  (See  his  article  on  "  The  ferments  in  milk  and 
their  relation  to  pasteurization,"  in  the  .lour,  of  the  Amer.  Med.  Assn.,  Nov.  23,  1907,  Vol. 
-XLIX,  No.  21,  p,  1740. J 

Milk  is  frc(]iioiitly  pasttMirizcd  hy  simply  placiiifj  the  bottle  of  milk 
us  it  is  received  in  a  pot  of  water,  the  water  boiled  for  a  variable 
length  of  time,  and  then  cooled.  As  will  be  shown  by  the  following 
experiments,  this  is  not  always  an  entirely  safe  procedure  for  the 
piirjKj.ses  of  home  pasteurization.  The  depth  of  water  in  which  the 
bottle  is  in)"mcrsed  markedly  atfects  the  results.  The  neck  of  the  bot- 
tle miijst  always  project  above  the  water,  and  unless  the  pot  has  a  lid 
tiie  upper  layers  of  the  milk  may  escape  heating,  especially  if  the 
contents  have  not  been  well  shaken  up  and  the  thick  cream,  which  is 
in  pai't  turned  to  butter  as  a  result  of  agitation  on  tlie  delivery  wagon, 
piH'vents  cii'ciilation  of  the  fluid. 

It  will  b(;  seen  in  some  of  the  exj)erimen(s  luadi-  !)y  myself  in  the 
Hygienic  Laboratory  that,  contrary  to  what  might  be  expected  from 
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the  physics  of  fluids,  the  top  layers  of  the  milk  are  sometimes  not  as 
hot  as  the  bottom  or  require  a  much  longer  time  to  heat  up. 

Experiment  No.  1. 

Pint  mixed  market  milk. 
Bottle  immersed  in  water  to  its  lip. 

Distinct  cream  line  from  standing  over  six  hours  before  heating;  thick  cream, 
almost  butter,  floating  on  top. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

°a 

°C. 

°C. 

Minutes. 

26 

26.5 

25.5 

(a) 

30 

26.5 

26.5 

2 

C) 

40 

27 

28.75 

4i 

{<•) 

50 

30 

32 

7 

C) 

60 

35 

39 

95 

70 

41 

45 

12 

75 

45 

49 

13 

(a) 

80 

50 

53.5 

14i 

C) 

83 

Simmering. 

85 

55 

58 

15i 

(a) 

87 

58 

60.5 

16J 

(6) 

88 

60 

62.5 

16J 

(6) 

91 

63 

66 

17J 

(6) 

92.5 

65 

68 

18J 

(') 

■    " 

97 

70 

73 

19J 

{') 

98 

71 

75 

20 

C) 

Boiling. 

100 

75 

80 

■nk 

(c) 

100 

78 

83 

23 

(t) 

100 

80 

85 

23i 

(i) 

K.XPERIMENT    No.    2. 

I'int  mixed  market  milk. 

Hottlc  immersed  in  water  (i  inches,  1  inch  out. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

"C. 

28 
60 
70 
80 
85 
OO 
94 
98 
100 

°C. 

14 
32 
40 
48 
50 
65 
60 

°C. 

Minutei. 

9,000 

9 
10 
11 
12 
12i 
13 

8,000 

■1,000 

750 

600 

80 

70 

669 

Experiment  No.  3. 

I'int  mixed  market  milk. 

Bottle  immersed  in  water  6  inches,  1  inch  out. 

Distinct  cream  line  from  standing  twenty -four  hours. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

°C. 

°C. 

°a 

Minutes. 

4,000 

30 

21 

21 

2i 

40 

23 

24.5 

3i 

6,000 

50 
60 
70 
80 

28 
35 
44.5 
53 

30 
36.5 
44.5 
53 

6J 
8i 
9.1 
13 

81.5 

55 

54.5 

13 

9,000 

85. 

60 

58 

131 

6,000 

Simmering. 

88 
89 

61.5 
63.5 

59 
60.5 

14 
14i 

Scum. 

7,500 

90 

65 

62 

14* 

92 

67 

64 

151 

600 

95 

70 

68 

16 

1,500 

Boiling. 

% 

75 

73 

18 

900 

77 

76 

19 

(o) 

Scum. 

a  Fewer,  but  numerous. 

EXPE 

RIMENT 

No.  4. 

I'int  mixed  market  milk. 

I'.ottle  immersed  in  water  4A  inches,  2i  inches  out. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

°a. 

22 
30 
40 
BO 
60 
70 
80 
85 
93 
96 

°C. 
21 
22 
22.5 
24 
27 
31 
35 
36 
44 
47 

65 
58 
60 
65 
70 
78 

°a 

15 

17 

20 

23 

25.5 

32 

40.5 

45 

M 

58 

59 

61 

62 

64 

65 

67 

68.5 

Minutes. 

4,300 

Simmering. 
Boiling. 

U 
4J 
4 
5S 
6} 
9 
10 

m 

12i 
IS 
13i 
13i 
131 
131 
14i 
16 

4,500 

6,000 

3,000 
8,200 
8,600 

4,000 
2,000 
8,100 
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Experiment  No.  5. 

Pint  mixed  market  milk. 

Bottle  immersed  in  water  4  inches,  3  inches  out. 

Recently  mixed,  no  distinct  cream  line. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

°C. 
30 
•40 
50 
60 
70 
SO 
86 
90 
91 
98 

23 

24 

25 

29 
32 
33 
36 
40 
50 
55 
58 
60 
63 
65 
70 

°C. 
16 
20 
23' 
27 
33 
37 
45 
48 
54 
57 
65 
70 
74 
75 
80 
81 
85 

Minutes. 

480 

Simmering. 
Boiling. 

U 
3| 

•    5 
6J 
8 
9 
9i 
lOJ 
lOJ 
12i 
13S 
141 
15 
16J 
17 
19i 

812 

760 
150 
58 
35 
0 
1 
1 

Experiment  No.  6. 

Pint  mixed  market  milk. 

Bottle  immersed  in  water  3  inches,  4  Inches  out. 

No  cream  line. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

24 
40 
50 
60 
70 
80 
87 
90 
95 
100 
100 
100 
KK) 
100 
100 
100 

°C. 
13 
17 
20 
24 
29 
36 

°C. 

Minutes. 

1,500 

.\t  start. 

Water  simmering. 
Water  boiling. 
Scum  1,300. 

3 

4 

5i 

6J 

8 

9 

9i 
lOJ 
111 
12t 
134 
14i 
15} 
16 
17 

20 
24 
30 

44 

38 

65 
60 
05 
68 
70 
72 
76 
73 

49 
64 
61 
64 
67 
69 
73 

1,800 

1,700 

230 

55 

6 

Scum  2,000. 
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Experiment  No.  7. 

Pint  mixed  market  milk. 

Bottle  Immersed  in  water  3  inches,  4  inches  out. 

Partial  cream  line. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

°C. 
26 
30 
40 
50 
60 
70 
80 
88 
90 
97 

16 
19 
20 
22 
27 
33 
40 

°C. 

17 

20 

21 

22.5 

25.5 

30 

36 

Minutes: 

2,000 

Simmering. 
Boiling. 

Some  scum. 
Scum. 

1 

3J 

4} 
6? 
7f 
9 
9i 
IQi 

lU 

lU 
12 
3J 
14f 
16 

1,000 

49 
57 
60 
63 
66 
70 
75 
78 

43.5 

51 

53 

55 

57.5 

64 

70 

75 

1,000 
3iJ0 
60 
9 
5 
2 

Experiment  No.  8. 

Pint  mixed  market  milk. 

Bottle  immersed  in  water  5  inches,  2  inches  out. 

Cream  line;  mixed  a  little,  not  much,  with  piisette. 


Water 
temper- 
ature. 

°C. 

25 
40 
60 
60 
70 
80 
83 
86 
91 
94 
95 
97 
100 
lOO 
100 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

)9 
23 
28 
32 
40 
49 
52 
56 
60 
63 
65 
68 
69 
72 
74 

14.5 

22 

28 

35.6 

48 

52.5 

56 

59.6 

66 

68.6 

71 

72.5 

75 

78 

80 

ifinutes. 

215 

Water  boiling. 
.Scum 

Do. 

3 
6J 
8i 

lOi 

13 

14 

15 

16i 

17 

17i 

18 

19 

19i 

20 

230 

2,000 
2,100 

(") 
C) 

410 
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Experiment  No.  9. 

Quart  mixed  market  milk. 

Bottle  immersed  in  water  to  lip. 

Distinct  cream  line  from  standing  at  least  five  hours. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

°C. 

°a 

°C. 

Minutes. 

24 
30 

25 
25 

22 
24 

450,000 

2i 

40 

26 

25 

5 

50 
60 

28 
35 

30 
32 

Si 
12 

560,000 

70 

45 

43.5 

15 

650,000 

80 
82 

52 
55 

52.5 
57 

18i 
19i 

550,000 

84 

58 

57.5 

21 

550,000 

85 

60 

57.5 

21} 

550,000 

87 
88 

Simmered. 

63 

62 

22J 

425,000 

90 

65 

64 

23 

175,000 

97 

69.5 

71.2 

25 

13,000 

Boiling. 

100 

75 

79.5 

28i 

33 

Experiment  No.  10. 


Quart  niixe<l  market  milk. 
Bottle  immersed  in  water  to  lip. 
Recently  mixed,  no  distinct  cream  line. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonie.s 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

°C. 

°C. 

°C. 

Minutef. 

27 
30 
40 

24 

24.5 

29.5 

20 
20 
21 

27 

1 
3} 

48 
50 

36 
36 

5J 

296 

27 

60 

44 

32 

8i 

65 

45 

33 

95 

208 

69 

50 

37 

11 

1,400 

70 

51.5 

37.fi 

74 

55 

39 

12i 

874 

76 

58 

41 

12J 

3,180 

78 

60 

43 

13i 

1,930 

80 
81 

62 
63 

45 
46 

14 
14} 

Simmering. 

1,300 

83 

65 

47.5 

15 

370 

88 

70 

53 

16 

115 

90 

72 

56 

lOJ 

95 

75 

61 

171 

59 

100 

80 

65.5 

20 

Boiling. 
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EXPKRIMENT  No.  11. 

(Jimrt  mixed  market  milk. 

I'.oitle  immersed  in  water  5  inche.s  4  inches  out. 

No  distinct  cream  line. 


Water 
temper- 
ature. 

Milk  tenlpe^atu^^•. 

Colonies. 

Remark.s. 

Top. 

Bottom. 

.     in  agar. 

28 
40 
50 
60 
70 
80 
85 
90 
97 

°C. 
23 
23.5 
24 
24.5 
25 
30 

°C. 
16 
20 
23 
28 
32 
40 

Mvmitcs. 

7,100 

Simmering. 
Boiling. 

2J 

a 

lOJ 

12,000 

38 
41 
50 
55 
58 
60 
61 
65 
68 
70 

51 
56 
64 
07 
71 
72 
74 
75 
77 
78 

13i 
15 
16 
18 
191 
20 
20i 
21 
2U 
22 

9,500 
7,400 
5,400 

2,200 

3,600 
1,700 

Experiment  No.  12. 
<Juart  mixed  market  milk. 
II     Bottle  immersed  in  water  .5  inclies,  4  inches  out. 
Distinct  cream  line. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top.        Bottom. 

°C. 
24 
30 
40 
.50 
60 
70 
80 
84 
90 
95 

°C. 
18 
18.2 
19 
20 
23.5 
31 
37 
39 
45 

°C. 
14 

Minutes. 

26,000 

Simmering. 
Boiling. 

2} 
31 
5i 

20 
20 
30 
35 
41 
44 
.50 

30,0C0 

7J 

94 
lli 
12 
14 
15 
10 

58 
61 
65 
68 
70 
72 
74 
75 
80 

.59 

60 

62 

62.5 

(i3 

64 

65 

66.  B 

72 

30.000 

16!         21,000 

IGJ       25. non 

17 
17} 
17J 
IS 

m 

20i 

83,000 
18,000  ! 
12,0UO 

9,000 
9,000 
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Experiment  No.  13. 
Quart  mixed  market  milk. 

Bottle  immersed  iu  water  4  inches,  5  inches  out. 
Cream  line  very  distinct  from  long  standing. 

The  liottom  milk  hotter  than  the  top,  probably  on  account  of  heavy  viscid 
cream  on  top  that  did  nofcirculate. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Remarks. 

Top. 

Bottom. 

°C. 

°C. 

°C. 

Minutes. 

<"4,000 

40 

20.5 

16 

Bi 

60 

21 

20 

6} 

21.5 

24 

84 

70 

80 

22 
23 

28 
36 

104 
124 

41 

13; 

90 

2.S.  5 

43 

134 

47 

15; 

Boiling, 

100 

44 

55 

17 

C) 

100 

'  49 

60 

18} 

0  4,000 

100 
100 

50 
54 

61 
65 

194 
20 

C) 

100 

GO 

70 

224 

m 

100 

63 

72 

23 

340 

100 

05 

74 

24 

150 

100 

70 

79 

20} 

8 

100 

73 

82 

28 

100 

75 

S3 

30 

13 

a  About. 

Experiment  No.  14. 
Quart  mixed  market  milk. 

Hottle  immersed  in  water  4  inches,  5  inches  out. 
No  cream  line. 


Water 
temper- 
ature. 

Milk  temperature. 

Time. 

Colonies 
per  loop 
in  agar. 

Ilemurks. 

Top. 

Bottom. 

°C. 
22 
30 
■10 
nO 

r,o 

70 
HO 
90 
95 

13 

15 
18 
22 
27 
32 
39 
47 
M 

°C. 

Minutes. 

5,760 

Boiling. 

At6(i°,  scMUn. 
Scum. 

2 

4 

B 

8 

8J 
10 
12 
13 
14 
H 
15 
16 
IS 
19 

100 
100 
100 
100 
100 

.V> 
60 
65 
70 
73 

8,000 

14,000 

4,000 

889 
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Nathan  Straus  has  modified  tlie  Freeman  pasteurizer  by  leaving  off 
till'  cups,  thus  making  it  simpler  and  cheaper.  He  gives  the  following 
1 1 1  lections  for  the  manufacture  of  this  home  pasteurizer : 


lit  of  pan '. 

I'ter  of  pan 

nee  of  top  of  bracket  from  bottom  of  pan  . 
int  of  water 


Size  I: 
Eight 
3-ounce 
bottles. 


lOJ  inches . 


3^  inches  . 
5  quarts 


Size  11: 
Eight 
6-ounce 
bottles. 


lOj  inches  . 


4| inches . . 
6}  quarts  . . 


Size  in: 
Six  pint 
bottles. 


Hi  inches. 
10|  Inches. 
61  inches. 
9  quarts. 


The  following  directions  are  abstracted  from  Mr.  Straus's  instruc- 
timis  for  the  use  of  his  home  pasteurizer: 

lOmpbasis  is  laid  on  the  fact  that  only  fresh,  clean  milk,  which  has  lit'cn  ko])t 
I   ilil.  should  be  used. 

After  the  bottles  have  been  thoroughly  cleaned  they  are  placed  in  the  tra.v 
I  A  )  and  filled  to  the  neck.  Then  put  on  the  corks  or  patented  stoppers  without 
fastening  them  tightly. 

I'he  pot  (B)  is  now  placed  on  the  wooden  surface  of  the  table  or  floor  and 
lillc'd  to  the  supports  (C)  with  boiling  water. 

I'lace  the  tray  (A)  with  filled  bottles  into  the  pot  (B)  so  that  the  bottom  of 
the  tray  rests  on  the  supports  (C),  and  put  cover  (D)  on  quickly. 

After  the  bottles  have  been  warmed  up  by  the  steam  for  five  minutes,  re- 
move the  cover  quickly,  turn  the  tray  so  that  it  drops  into  the  water,  replace 
tlie  cover  immediately.  This  manipulation  is  to  be  made  as  rapidly  as  possible 
to  avoid  loss  of  heat.     Thus  it  remains  for  twenty-five  minutes. 

.Now  talce  the  tray  out  of  the  water  and  fasten  the  corks  or  stoppers  air- 
tight. Cool  the  bottles  with  cold  wafer  and  ice  as  quickly  as  possible,  and  keeji 
them  at  this  low  temperature  until  cold. 

T'se  the  milk  from  the  bottles  and  do  not  pour  it  into  anotlier  vessel. 

The  milk  must  not  be  used  for  children  later  than  tweuty-four  hours  after 
pasteurization. 

COMMERCIAL   PASTEURIZATION. 

Tiic  commercial  pa.steurization  of  milk  leaves  much  to  be  desired, 
I)iit  although  it  is  not  alwa}fs  thoroughly  carried  out,  it  is  by  no 
means  a  fraud.  With  a  little  sanitary  supervision  on  the  part  of 
health  officei's  and  education  on  the  part  of  those  in  charge  of  the 
I^i'ocess  it  may  bo  made  efficient. 

Commercial  pasteurizers  are  i)()pular  witii  dairymen,  not  because  of 
the  public  heidth  aspect,  but  on  account  of  the  economic  advantages 
in  improving  the  keeping  qualities  of  the  milk.  It  is  estimated  that 
the  expense  of  a  pasteurizer  would  be  paid  for  in  the  course  of  about 
a  year.  This  estimate  is  based  mainly  on  tiie  saving  of  losses  from 
soui-  milk.  The  cost  of  pasteurization  is  about  one-tenth  to  one-half 
cent  a  (juarl. 
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In  order  to  satisfy  public  hejilth  requirements  pasteurizers  must 
be  efficient  in  operation,  permitting  a  definite  quantity  of  milk  to  be 
heated  to  a  definite  temjjerature  for  a  definite  time  (Russell).  They 
must  be  easy  of  control,  the  milk  must  be  heated  uniformly  through- 
out, the  apparatus  must  be  simple  in  construction,  easily  cleaned,  eco- 
nomical in  use,  and  arranged  to  safeguard  against  reinfection  of  the 
milk.  Finally,  provision  must  be  made  for  rapid  cooling.  Given 
an  apparatus  of  proper  construction  more  dejiends  upon  the  intelli- 
gence and  care  Avith  Avhich  it  is  run  than  upon  the  machine.  No  pas- 
teurizer is  automatic.  For  instance,  I  have  found  that  the  milk 
pasteurized  in  a  standard  machine  contained  many  more  bacteria! 
after  the  process  than  before.  This  was  not  the  fault  of  the  machine, 
but  due  to  ignorance  and  uncleanliness. 

The  following  figures  show  the  efficiency  of  a  commercial  pasteur- 
izer oijerated  under  intelligent  though  not  skilled  supervision : 


Colonies  per  cubic  cen- 
timeter. 

Colonies  per  cubig  cen- 
timeter. 

Before  pas- 
teurization. 

After  pa.v 

teuriza- 

tion. 

Before  pas- 
teurization. 

After  pas- 
teuriza- 
tion. 

92,000 
142, 000 
71.000 
93,000 
105,000 
1,680,000 

2,200 
6,000 
6,000 
6,900 
38,000 
SO,  000 

380,000 
214,000 
6,700 
900, 000 
7, 000, 000 
74,000 

83,000 
87,000 
28,200 
100,000 
70,000 
3.5,000 

The  above  figures  were  obtained  from  a  type  of  machine  known  as 
a  "  Flash  pasteurizer,"  in  which  the  milk  is  heated  momentarily  at 
73°  to  74°  C. 

The  pasteurization  of  milk  is  such  an  important  jjublic  health 
measure  that  it  should  be  under  the  immediate  and  constant  super- 
vision of  the  health  officer.  The  milk  should  be  heated  a  definite 
temperature  for  a  definite  time  and  then  promptly  cooled  and  prop- 
erlv  labeled. 


RESUME   ADVANTAGES   AND   DISADVANTAGES. 

Pasteurization  saves  lives  and  ])revents  sicknes.s.  "Weighing  against 
this  great  merit  we  have  certain  disadvantages  connected  with  the 
heating  of  milk.  Thai  there  are  two  sides  to  the  (luestion  may  be 
judged  from  tlic  fact  that  tliosc  who  liave  given  the  matter  careful 
consideration  come  to  diametrically  opposite  conclusions.  From  a 
(Iieoretical  standpoint  some  beli(>ve  ]iasteurization  in  he  au  unsatis- 
factory and  very  feeble  way  out  of  a  very  diflicull  situatiou.  From 
a  practical  standpoint,  olliers  find  in  pasteurizaliou  our  ouiy  practi- 
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'  ilile  safeguard,  at  least  until  the  general  supply  consists  of  good, 
li'.in,  fresh,  safe  milk. 

( )ne  of  the  chief  objections  to  pasteurization  is  that  it  promotes 
riiiclessness  and  discourages  the  etforts  to  produce  clean  milk.  It  is 
liclieved  that  the  general  ado])ti()n  of  piisteurization  will  set  back 
Miiprovements  at  the  source  of  supply  and  encourage  dirty  habits. 
1 1  \vill  cause  the  farmers  and  those  who  handle  the  milk  to  believe 
ili;it  it  is  unnecessary  to  be  quite  so  particular,  as  the  dirt  that  gets 
iiilo  the  milk  is  going  to  be  cooked  and  made  harmless.  It  is  not 
liic)]iosed  that  pasteurization  shall  take  the  place  of  inspection  and 
iniprovements  in  dairy  methods.  To  insure  the  public  a  pure  and 
>afi>  milk  supply  should  be  regarded  as  one  of  the  most  important 
duties  of  the  health  officer.  Whether  pasteurization  is  adopted  by  a 
city  for  its  general  milk  supply  or  not,  no  milk  should  be  accepted 
that  does  not  comjjly  with  certain  reasonable  chemical  and  bacterio- 
logical standards.  Tiiis  would  aid  the  inspectors  in  enforcing  good 
dairy  methods.  Pasteurization  then  must  not  be  used  as  an  excuse  to 
bolster  up  milk  unfit  for  home  consumption.  To  insure  this  end,  the 
health  officer  should  have  authority  to  condemn  and  destroy  bad  milk, 
whether  or  not  pasteurization  is  practiced. 

To  obtain  a  good  milk  supply  involves  not  only  an  expensive 
system  of  inspection  and  surveillance  from  the  farm  to  the  consumer, 
but  intelligence  and  a  high  degree  of  technical  skill  on  the  part  of 
the  producer  and  all  others  who  handle  the  milk. 

AVe  can  scarcely  conceive  of  an  inspection  so  thorough  and  constant 
as  to  prevent  milk  occasionally  becoming  contaminated  with  the 
germs  of  typhoid,  di})htheria,  scarlet  fever,  dysentery,  tuberculosis, 
etc. 

If  our  drinking  water  is  defiled  at  its  source  we  boil  or  filter  it. 
It  would  be  nmch  better  to  prevent  its  contamination.  The  same  is 
true  of  milk.  We  prefer  pure  milk,  but  so  long  as  we  can  not  obtain 
it  we  must  purify  what  we  get.  The  situation  may  well  be  illustrated 
by  the  attitucU;  of  an  eminent  sanitarian  in  New  York,  who  in  his 
writings  and  public  addresses  discourages  pasteurization,  because 
theoretically  it  does  not  reach  the  source  of  the  evil,  and  is  not  as 
good  in  the  end  as  iiurification  of  (he  milk  supply  through  efficient 
ins]iectiou.  I  lowrNcr.  when  this  same  sanitarian  is  consulted  by  a 
large  wholesale  dealer  of  New  York,  who  handles  many  thousands  of 
quarts  of  more  or  less  old  dirty  milk  a  day,  he  is  conl'iontcd  by  a  con- 
dition, not  a  theory,  and  advises  pasteurization. 

'I'lierc  is  a  prevalent  impression  that  the  pasteurization  of  milk 
improves  that  important  article  of  diet.  Heating  does  not  render 
Uiilk  better  in  any  way  as  a  food.  All  it  does  is  to  desti-oy  certain 
imcteria  and  some  of  their  toxic  products.  It  checks  certain  proc- 
esses of  fermentation  and  putrefaction,  thus  rendering  the  milk  safer. 
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On  the  other  hand  the  evidence- seems  clear  that  the  pastenrizatidn 
of  milk  at  60°  C.  for  twenty  minutes  does  not  appreciably  deteriorate 
its  quality  or  lessen  its  food  value. 

Pasteurization  has  been  accused  of  jjossessing:  the  great  disa<l- 
vantage  of  inducing  scurvy  and  rickets.  It  is  generally  believed  that 
highly  heated  milk  is  a  contributive  factor  in  the  etiology  of  scurvy. 
There  is  certainly  no  evidence  to  show  that  low  temperature  pasteuri- 
zation, such  as  is  now  recommended,  ever  in  itself  induces  scurvy. 
Thousands  of  children  have  been  raised  ujjon  heated  milk  without  the 
production  of  this  disease,  which  is  comparatively  rai'e,  especially  in 
countries  such  as  Germany  and  France,  where  the  artificial  feediui;- 
with  heated  milk  is  mo.st  jDopular.  Scurvy  is  preventable  and  amen- 
able to  treatment.  Rickets  results  from  defective  alimentation  and 
imiDroper  hygiene  and  can  not  be  laid  at  the  door  of  pasteurization. 

Comparative  observations  upon  infants  under  the  same  condition^ 
show  that  they  flourish  quite  as  well  upon  heated  milk  as  upon  raw 
milk.  Laboratory  experiments  as  well  as  clinical  observations  coin- 
cide with  the  view  that  heated  milk  is  quite  as  digestible  as  raw  milk. 
In  fact,  it  is  now  claimed  to  be  more  so.  Metabolism  experiments  in- 
dicate that  the  utilization  of  calcium  and  iron  in  the  body  is  inore 
comj^lete  in  children  fed  upon  boiled  cow's  milk  than  in  those  fed 
upon  raw  cow's  milk. 

One  of  the  great  objections  to  the  pasteurization  of  milk  is  that  it 
devitalizes  it.  If  milk  contains  "  life  "  it  has  probably  lost  the  last 
ve.stige  of  it  after  it  is  from  twenty-four  to  forty-eight  hours  old  and 
kept  under  such  conditions  that  it  contains  myriads  of  bacteria.  It 
has  been  shown  that  heating  milk  to  60°  C.  for  twenty  minutes,  while 
it  kills  the  pathogenic  organisms,  does  not  seriously  affect  the  enzymes, 
and  the  en.^ynies  are  the  nearest  approach  to  "  life  "  with  which  we 
are  familiar  in  milk.  The  germicidal  properties  of  milk  are  not  seri- 
ously injured  at  60°  C. 

Another  objection  frequently  urged  against  pasteurization  is  that 
some  of  the  bacterial  toxins  are  not  killed  at  the  ordinary  tempera- 
tures used.  We  do  not  even  know  the  nature  of  these  poisonous  prod- 
ucts in  milk,  much  less  their  thermal  death  points.  The  true  bacterial 
toxins  are  destroyed  by  heating  to  a  temperature  of  60°  C.  for  twenty 
minutes.  It  must  be  remembered  that  if  milk  contains  bacterial 
toxins  not  destroyed  by  pasteurization  it  will  contain  these  same  poi- 
sons if  the  milk  is  consumed  raw.  In  fact,  the  heating  of  the  milk 
prevents  the  further  formation  of  such  injurious  substances. 

Pasteurization  residts  in  the  destruction  of  the  ordinary  acid- 
producing  bacteria,  nature's  danger  signal  of  old  milk.  The  heating 
interferes  with  the  souring  ])rocess,  so  that  fermentation  of  another 
and  |)erliaps  more  serious  nature  may  take  place  without  the  knowl- 
edge of  the  consumer.    It  has  been  shown  that  certain  resistant  spore- 
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iiraring  bacteria  have  the  property  of  iDeptonizing  the  albumens  in 
milk.  These  bacteria  survive  the  i^rocess  of  jaasteiirization,  and  are 
thus  given  a  free  tiehl  for  growth,  whereas  in  the  raw  milk  these 
li.irieria  are  largely  held  in  check  by  the  growth  of  the  lactic  acid 
l"i  Miing  organisms.  This  view  started  with  the  work  of  Fliigge  and 
Ii;m  gradually  lost  ground  for  lack  of  clinical  and  laboratory  con- 
liiiiiation.  For  instance,  Park  and  Holt  found  thata  few  cases  of 
;i(  iile  indigestion  innnediately  followed  the  use  of  pasteurized  milk 
iiKiie  than  thirty-six  hours  old.  Samples  of  such  milk  were  foimd  to 
cdiitain  more  than  100,000,000  bacteria  per  cubic  centimeter,  mostly 
-|ji ire-bearing  varieties.  The  deleterious  eifects,  though  striking, 
AM  re  not  serious  or  lasting.  However,  so  long  as  the  danger  is  sus- 
piMled  it  makes  us  cautious  to  keep  pasteurized  milk  cold  and  use 
i!  promptly. 

1  f  it  is  imjwrtant  for  milk  to  contain  lactic  acid  bacteria.  They 
may  readily  be  added  in  pure  culture  after  the  milk  has  been 
pasteurized. 

We  are  told  that  heating  destroys  great  numbers  of  bacteria  in 
milk,  and  thus  conceals  dirt,  but  Theobald  Smith  "  points  out — 

that  from  a  bacteriological  standpoint  the  pasteurization  of  milk  will  not  con- 
ceal flirt,  for  the  reason  that  the  bacteria  that  come  from  the  uclcler  or  the  teats 
will  be  destroyed,  but  the  bacteria  that  come  from  dirt  are  largely  spore-bearing 
bacteria  and  these  survive.  I  believe  that  we  could  control  the  quality  of  milk 
quite  as  well  after  it  was  pasteurized  by  bacteriological  t;ounts  as  before,  be- 
cause certain  species  only  would  grow  or  multiply  and  the  indicators  would  be 
much  better  than  to-day.  If  we  examine  a  plate  made  from  milk,  for  instance, 
nobody  can  tell  exactly  whether  the  bacteria  are  due  to  dirt  or  whether  they  are 
due  to  the  multiplication  of  ordinary  lactic  acid  bacteria,  unless  a  very  careful 
study  of  that  plate  be  made.  As  a  rule,  if  nearly  all  the  colonies  are  alike  we 
say  that  they  are  the  result  of  multiplication ;  if  they  are  quite  different  then 
there  has  been  a  good  deal  of  dirt  added  to  the  milk.  Now  it  seems  to  me  that 
with  i)asteurization  it  would  be  possible  to  control  Ihc  dirt  in  milk  nuicli  better 
than  is  done  to-day. 

Fui'ther,  it  is  said  that  we  must  not  meddk^  with  nature;  that  pas- 
teurization is  an  artificial  e.xpedient.  Nature  never  intended  milk  to 
be  collected,  transported,  and  fed  to  young  mammalian  animals  one 
or  two  days  after  it  leaves  the  mammary  gland.  Even  when  fresh, 
the  milk  of  one  species  is  not  well  suited  to  the  needs  of  the  young  of 
another  species.  In  the  artificial  feeding  of  infants  with  cow's  milk, 
we  are  meddling  with  nature.  When  artificial  feeding  is  necessary 
we  must  endeavor  to  obtain  fresh,  pure  milk.  If  tliis  is  not  possible 
the  milk  should  be  purified,  esjjecially  in  the  hot  weathei-.  Kacli  in- 
fant is  a  law  unto  itself. 

"Smith,  Theobald:  .\ni.  .Tourn.  I'uli.  Health  and  .Tourn.  Mass.  Assn.  Itds. 
Health,  vol.  17,  1007,  p.  200. 
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Pasteurization  of  all  of  the  milk  supply  of  a  community  may  not  be 
desirable.  Tlie  clean,  fresh  milk,  free  from  contamination,  may  not 
need  it.  Special  cases  may  require  raw  milk,  but  the  general  piil)lic 
should  be  protected  against  the  old,  dirty,  and  uncared  for  milk 
which  forms  the  bulk  of  the  supply  of  large  cities. 

The  heating  must  be  done  intelligently  and  under  the  supervision  of 
the  health  officer.  After  heating,  the  milk  is  just  as  liable  to  serious 
contamination  as  before,  if  not  more  so.  It  must  therefore  be  care- 
fully guarded,  kept  cool,  and  promptly  delivered. 

Theobald  Smith,"  1907,  expressed  the  opinion  that  pasteurization  is 
the  inevitable  outcome  of  the  future.     He  says: 

It  seems  to  me  that  the  real  difficulty  of  the  present  condition  is  the  trans-  . 
mission  of  specific  disease  germs  which  are  not  easily  controlled  by  any  amount  ■ 
of  cleanliness,  and  these  specific  disease  germs,  one  and  all  of  them,  may  be  : 
destroyed  by  the  average  pasteurization. 

Sedgwick ''  voices  the  opinion  of  many  sanitarians  when  he  states  ' 
that— 

when  all  is  said  and  done,  I  agree  with  Professor  Smith  that  we  have  got  to 
pasteurize  milU.  Cooked  milk  is  the  only  safe  milk  and  always  will  remain 
the  only  safe  milk  for  the  use  of  mankind.  Little  by  little  the  idea  is  spread- 
ing that  raw  milk  is  apt  to  be  dangerous  milk. 

Theoretically,  pasteurization  should  not  be  necessary;  practically, 
we  find  it  forced  upon  us.  The  heating  of  milk  has  certain  disad- 
vantages which  must  be  given  consideration,  but  it  effectually 
prevents  much  disease  and  death,  especially  in  infants  during  the 
summer  months. 

"  Smith,  Th. :  Discussion  of  Roteh's  paper  on  "  The  pasteurization  of  milk  for 
public  sale."     Am.  Journ.  Pub.  Hyg.,  vol.  17.  May,  1907.  p.  200. 

''  Sedgwick.  W.  T. :  Discussion  of  Harrington's  paper  on  "  Some  of  the  ways 
in  which  infection  is  disseminated."  Journ.  Mass.  Assn.  Bds.  Health,  vol.  14, 
Feb.,  1004,  p.  41. 
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THE  THERMAL  DEATH  POINTS  OF  PATHOGENIC  iMICRO- 
ORGANISMS  IN  MILK." 


By  Milton  J.  Rosenau, 

Surgeon  niul  Director  Ilijuicnic  Laboratory,  V.  8.  Puhlic  Health  and  Marim 

Hospital  Service. 


The  temiicrature  at  which  milk  should  be  pasteurized  hinges  on  the 
thermal  death  points  of  the  pathogenic  micro-organisms  which  con- 
taminate it.  The  micro-organisms  pathogenic  for  man  most  frequently 
found  in  market  milk  are  those  causing  tuberculosis,  typhoid  fever, 
diphtheria,  scaiiet  fever,  dysentery,  and  Malta  fever.  Fortunately 
none  of  the  organisms  causing  the  above-mentioned  acute  diseases 
have  resisting  spores.  Moderate  degrees  of  heat  are,  therefore,  suffi- 
cient to  render  milk  safe  so  far  as  tliese  dangers  are  concerned.  The 
streptococci,  staphylococci,  and  most  of  the  bacteria  associated  with 
infantile  diarrhea  are  also  readily  destroyed  by  heat. 

Although  it  would  appear  to  be  a  comparatively  simple  matter 
to  determine  precisely  the  temperature  at  which  micro-organisms  die, 
such  work  is  in  fact  surrounded  by  many  difficulties  and  pitfalls; 
different  investigators  have  come  to  widely  different  results.  Some 
of  these  discrepancies  are  only  apparent  and  may  be  explained  by  the 
relation  of  time  to  temperature.  The  longer  the  time  of  exposure,  the 
lower  the  temperature  necessary  to  kill  any  organism.  Differences  in 
methods  are  also  responsible  for  difference  in  results. 

Among  bacteria  some  strains  or  races  are  more  resistant  to  heat 
than  others.  These  differences,  which  correspond  to  similar  known 
variations  in  all  animal  and  vegetable  species,  must  be  taken  into 
account. 

Evajjoration  takes  place  so  rapidly  from  exposed  fluids  that  (he  sur- 
face layer  may  remain  cooler  than  the  body  of  the  liquid.  This  is 
especially  a  matter  of  concern  with  milk,  which  sometimes  forms  a 
scum  above  60°  C,  owing  to  rapid  evaporation  of  the  surface  layer. 
This  scum  consists  of  coagulated  albumins  in  which  is  enmeshed  much 
fat.  The  liacteria  entangled  in  this  surface  pellicle  may  escape  the 
lieat  indicated  by  the  thermometer  in  the  deeper  layers.    • 

"This  article  is  a  brief  summary  of  Hygienic  Laboratory  Bulletin  No.  42, 
ciUitlcil  "The  tliorni;il  (lo.ilh  iioints  of  i)atliogcnic  nilcro-orsanisms  in  milk." 
Tor  ;ill  (lie  (li'liiils  iil'  llic  wuvk  Die  rea(l(-r  is  refcKred  to  that  builotln. 

cr,s:n 
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As  a  rule,  bacteria  are  attenuated  and  lose  their  power  to  infect 
before  they  lose  their  ability  to  vegetate  upon  artificial  culture  media. 
It  is  therefore  safe  to  assume  that  a  micro-organism  that  will  not  grow 
in  artificial  media  under  favorable  conditions  is  "  dead."  The  tuber- 
cle bacillus  is  an  excej^tion  to  this  rule,  for  reasons  given  further  on. 

The  methods  used  in  the  tests  recorded  below  were  planne<l  to  imi- 
tate the  actual  conditions  of  jiasteurization,  so  far  as  practicable,  in 
laboratory  experiments. 

The  test  tubes  in  which  the  infected  milk  was  heated  were  open  to 
the  air,  and  scum  formation  was  disregarded  in  all  instances,  my  ob- 
ject being  to  determine  the  thermal  death  point  against  natural  diili- 
culties,  so  that  the  results  might  be  applied  with  confidence  to  prac- 
tical pasteurization. 

BACILLUS   TUBERCULOSIS. 

Certain  special  difficulties  are  met  with  in  determining  the  thermal 
death  point  of  the  tubercle  bacillus.  This  organism  does  not  grow 
readily  upon  artificial  media.  The  few  experiments  made  to  deter- 
mine its  thermal  death  point  by  cultural  methods  have  no  significance, 
because  its  vegetability  upon  artificial  media  does  not  correspond  to 
its  power  of  gi'owing  in  the  animal  organism.  It  is  therefore  neces- 
sary to  inoculate  animals  in  order  to  detemiine  whether  or  not  the 
tubercle  bacillus  is  alive  and  virulent.  Here  again  we  meet  with 
complications.  Dead  tubercle  bacilli  have  a  certain  amount  of  patho- 
genic power  and  produce  lesions,  including  tubercle  formation,  ab- 
scesses, and  coagulation  necrosis.  However,  while  we  lack  a  criterion 
to  determine  with  precision  the  exact  point  when  the  tubercle  bacillus 
dies,  we  are  able  by  means  of  animal  inoculations  to  determine  just 
when  the  tubercle  bacillus  is  so  enfeebled  that  it  is  no  longer  able  to 
infect.     This,  after  all,  is  the  important  practical  point. 

In  my  own  experiments,  in  order  to  avoid  the  confusion  resulting 
from  the  effects  produced  by  dead  tubercle  bacilli,  doubtful  lesions 
were  carried  over  into  another  animal. 

From  these  experiments  it  is  evident  that  the  tubercle  bacillus  in 
milk  loses  its  infective  properties  for  guinea  pigs  when  heated  to 
C0°  C.  and  maintained  at  that  tempci-aturc  for  twenty  minutes  or 
to  65°  C.  for  a  nnich  shorter  time. 

It  should  be  remembered  that  the  milk  in  these  tests  was  very 
heavily  infected  with  vii'uleiit  cultures,  indicated  by  the  prompt 
deaths  of  the  control  animals.  Milk  wouhl  practically  never  cojitain 
such  an  enormous  amount  of  infection  under  natural  conditions.  It 
is  justifiable  to  assume  that  if  fiO°  C.  for  twenty  minutes  is  sufficient 
to  destroy  the  infectiveness  of  such  milk  when  injected  into  the 
peritoneal  cavity  of  a  guinea  ])ig,  any  ordinary  market  milk  after 
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iich  treatment  woiilcl  be  safe  for  human  use  by  the  mouth  so  far  as 
iihcrcle  bacilli  are  concerned. 

It  is  difficult,  if  not  impossible,  to  briefly  summarize  the  work  of 
i!hers  upon  the  thermal  death  point  of  the  tubercle  bacillus  in  milk. 
1  iie  following  table  necesarilv  leaves  out  many  factors: 


•ihiiirini/  tlir  thermal  death  point  of  the  ttihnr-Jr  hnriUiis  as  found  by 
rarinns  inventigatorsi. 


Martin,  1S82 

May,  1883 

Sonnani,]S84 

Schill  and  Fisher, 
Voelsch,  1887 


Yersin,  1888  . 
Bitter,  1890.. 


BonhofI,  1892 

Gancher  and  Ledeux-Lebard,  1892. 


Forster,  1K92. 


De  Man,  1893  .. 
Schrocder,  1894 


By  cooking 

Boiling,  6  minute.s  . 


Not  killed  at— 


90°  for  10  minutes. 

100°. 

100°,  boiling  twice. 


(60°,  10 minutes  ( —spores)  . 
|60°,  10  minutes  ( +spore8)  . 
68°,  20  minutes 

170°,  5 minutes  (enfeebles). 
60°,  5  minutes  (sometime 
feebles). 
80°  (sometimes  kills) 
8.5°  (always  kills) 

60°,  20  minutes 

[60°,  5  minutes  (attenuates) 
170°,  1  minute  (kilLs) 


[60°,  6  hours 

[9.5°,  momentary  . 


55°,  4  hours 

60°,  Ihour 

60°,  15  minutes 
[50°  15  hours... 
60°,  8  hours 

Woodheail,  1895 i<60°,  45  minutes 

70°,  45  minutes 
.70°,  2i-  minutes 

Marshall,  1899 . 

Th.  Smith,  1899 


60°,  60  minutes. 


[.55°,  3  hours. 
'60°,  45  minutes. 
[80°,  momentary. 

60°,  46  minutes. 


68°,  20  minutes 

60°,  15  to  20  minutes. 


Morgenroth,  1900. 

Kobrak,  1900 

Beck,  1900 


Galtier,  1900 , 

Rii.sscll  and  Hnstings,  1900  .. 

Ilcrr,  1901 

Hesse,  1901 

lycvy  and  Bruns,  1901 

Berthel  and  Stenstrom.l'.IOl. 

Bang,  1902 

Tjadcn.  1903 

Rnllmann,19n3 

Barthel  and  Stcnstrcim,  1904. 
Russell  and  Hastings,  1904  .. 

Zelenski,  1900 

Rosenau,  1907 


.5.5°,  3  hotirs. . 
50°,  4  hours. . 
100°,  3  hours. 


60°,  20  minutes . 
65°,  15  minutes. 
60°,  20  minutes . 
fi.5°,  16  minutes . 


85°,  1  to  2  minutes 

6.5°,  30  minutes 

80°,  1  minute  (uncoagulnted )  . 
71°,  1  minute 


[■90°  (results  contradictory). 


60°,  10  minutes. 

[70°,  10  minutes. 
[100°,  momentary. 

[100°. 

(80°,  30  minutes. 

85°,  6  minutes. 


70°,  15  minutes. 
60°,  15  minutes. 


60°,  20  minutes. 

80°,  1  minute  (coagulated) 


76°,  20  minutes. 


60°,  20  minutes  . 


686 

The  above  tabular  statement  shows  that  my  results  agree  with  tlie 
work  of  Yersin,  Bonhoff,  Schroeder,  Th.  Smith,  Russell  and  Hast- 
ings, and  Hesse  in  that  60°  for  twenty  minutes  is  sufficient  to  kill  the 
tubercle  bacillus. 

The  lesions  produced  by  a  large  mass  of  dead  tubercle  bacilli  may 
be  distinguished  by  their  extent  rather  than  by  their  character.  In 
doubtful  cases  secondary  inoculation  is  the  only  trustworthy  method 
of  determining  whether  the  bacilli  are  alive  or  dead.  The  tuberculin 
test  does  not  ditferentiate  between  the  live  and  dead  tubercles.  Three 
guinea  pigs  out  of  eight  having  lesions  produced  by  dead  tubercle 
bacilli  (killed  at  100°  C.)  died  as  the  result  of  the  subcutaneous  inoc- 
ulation of  2  c.  c.  tuberculin  (().  T.). 

CONCLUSIONS. 

The  evidence  is  plain  that  milk  heated  to  G0°  C.  and  maintained  at 
that  temperature  for  two  minutes  will  kill  the  typhoid  bacillus.  The 
great  majority  of  these  organisms  are  killed  by  the  time  the  tempera- 
ture reaches  59°  C,  and  few  survive  to  G0°  C. 

The  diphtheria  bacillus  succumbs  at  comparatively  low  tempera- 
tures. Oftentimes  it  fails  to  grow  after  heating  to  55°  C.  Some 
occasionally  survive  until  the  milk  reaches  G0°  C. 

The  cholera  vibrio  is  similar  to  the  diphtheria  bacillus  so  far  as  its 
thermal  death  point  is  concerned.  It  is  usually  destroyed  when  the 
milk  reaches  55°  C. ;  only  once  did  it  survive  to  60°  C.  under  the 
conditions  of  the  experiments. 

The  dysentery  bacillus  is  somewhat  more  resistant  to  heat  than  the 
typhoid  bacillus.  It  sometimes  withstands  heating  at  60°  C.  for  five 
minutes.  All  are  killed  at  60°  C.  for  ten  minutes.  However,  the 
great  majority  of  these  micro-organisms  are  killed  by  the  time  the 
milk  reaches  60°  C. 

So  far  as  can  be  judged  from  the  meager  evidence  at  hand,  60°  C. 
for  twenty  mirmtes  is  more  than  sufficient  to  destroy  the  infective 
principle  of  Malta  fever  in  milk.  The  M.  mditensis  is  not  destroyed 
at  55°  C  for  a  short  time;  the  great  majority  of  these  organisms  die 
at  58°,  and  at  60°  all  are  killed. 

Milk  heated  at  60°  C.  and  maintained  at  that  temperature  for 
twenty  minutes  may  therefore  be  considered  safe  so  far  as  conveying 
infection  with  the  micro-organisms  tested  is  concerned. 
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INFANT  FEEDING. 


By  Joseph  W.  Schereschewsky, 
Passed  Assistant  Siirffcoii,  I'uhlic  Ilcuttli  and  Marine-Hospital  Service. 


PART  I.— INFANT  MORTALITY  IN  RELATION  TO  INFANT  FEEDING. 

( )wing  to  the  long  duration  of  the  period  of  infancy  in  human 
lit'ings,  as  compared  to  that  of  the  lower  animals  in  general,  it  is 
<)ii\ious  that  the  opportunity  of  environment  to  react  upon  our  de- 
\ilopment  is  enormously  increased  over  that  afforded  in  the  case  of 
other  living  beings. 

The  effect  of  prenatal  influences  iipon  our  ultimate  development 
receives  no  further  accretions  from  the  moment  of  our  birth,  and, 
:i|iart  from  those  congenital  defects  and  states  of  debility,  whose 
iiitluence  upon  life  are  manifest  from  the  outset,  our  subse(]nent 
liinwth  and  development  are  almost  exclusively  controlled  by  our 
iiiiuiediate  surroundings. 

More  than  any  other  component  factor  of  its  environment,  food, 
the  form  and  the  methods  of  its  administration,  are  capable  of  in- 
fluencing the  future  development  and  determining  the  fate  of  the 
newborn  child. 

If  this  statement  be  true,  we  should  expect  to  find  that  an  investi- 
gation of  the  mortality  rates  of  infants  would  furnish  some  relevant 
facts  in  regard  to  this  question. 

Unfortunately,  even  at  the  pi-esent  time  infant  mortality  and  the 
degree  to  which  such  mortality  is  influenced  by  improper  methods  of 
feeding  is  not  a  subject  of  general  knowledge.  True,  it  is  known  as 
a  matter  of  casual  information  that  the  rate  of  mortality  among  the 
newborn  is  relatively  Iiigli,  yet  few  who  have  not  paid  attention  to  tlie 
matter  realize,  as  Bergeron  so  gra[)hically  ]>uts  it,  that  the  chances  of 
a  newborn  child  surviving  a  week  are  less  than  those  of  a  man  of  00; 
of  living  a  year,  less  than  those  of  a  man  of  fourscore. 

Information  as  to  tlie  infantile  death  rate  in  this  count ly  is  dillicult 
to  derive,  owing  to  the  small  numl)er  of  States  within  our  registra- 
tion area  and  the  poverty  in  detail  of  their  statistical  returns.  The 
writer  is,  however,  much  indebted  to  TIarrington,  who  has  made  an  ex- 
tensive study  of  tliis  question  in  a  recent  article  from  which  many  of 
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the  following  figures  and  facts  are  taken.  The  perusal  of  his  article 
is  recommended  to  those  who  desire  a  more  extended  treatment  of  this 
phase  of  the  subject."  Reference  to  the  report  of  the  Bureau  of  Cen- 
sus for  1900  shows  that  the  general  infantile  mortality  rate  per  thou 
sand  in  the  States  which  constituted  our  registration  area  at  that  time 
is  as  follows: 


District  of  Columbia 274.  5 

Rhode  Island 197.9 

Massachusetts 177.  5 

New  Hampshire 172.  0 

New   Jersey 167.4 


New  York 159.8 

Connecticut 156.  8 

Maine 144. 1 

Vermont 122. 1 

Michigan 121. 1 


These  figures  show  the  wide  variations  to  which  the  infantile 
mortality  rate  is  subject  in  different  parts  of  this  country.  The  low- 
est mortality  rate,  121.1  (Michigan),  is  less  than  half  the  highest 
(AYashington,  D.  C). 

On  comparing  them  with  foreign  countries,  however,  they  do  not 
strike  tis  as  extraordinarily  high.  The  death  rate  of  Washington, 
T>.  C,  is  similar  to  that  of  Eu.ssia,  while  the  rate  of  the  lowest  (Michi- 
gan) corresponds  to  that  of  Scotland,  but  exceeds  that  of  three  other 
Euroiiean  countries,  viz,  Ireland  (average  of  twenty  years,  1874  to 
1893,  96.6),  Norway  (1902,  75.08),  and  Sweden  (1902,  87). 

As  is  to  be  expected,  our  cities  show  a  higher  infant  mortality  rate 
than  our  States.  The  census  report  of  1900  gives  106  towns  and 
cities  which  have  an  infant  mortality  of  175  or  over.  The  maximum 
infant  death  i-ate  was  shown  by  Charleston,  S.  C,  with  a  rate  of 
419.5,  while  Los  Angeles,  Cal.,  with  a  rate  of  175,  occupied  the  last 
place. 

The  following  cities  showed  a  death  rate  of  over  300  per  1,000 
births : 

Table  2. 


Cliarlcston,  S.  C 410.  r, 

Savannah,   Ga 3S7.  5 

Mobile,  Ala 344.5 

Key  West,  Fla 311.8 

BiOdeford,   Me . 311.6 


Atliuitn,  Ga 300,0 

Fall  Kiver,  Mass 304.7 

Lynchburg,  Va 301.  7 

Richmond,  Va 300. 1 


The  following  large  representative  cities  IkkI   an   inf;iii(ile 
tality  rate  as  follows: 


«  Harrington,  Am.  Jour.  Med.  Sci.,  VoL  CXXXII,  pp.  811-S35. 
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'shington,  D.  C 274.5 

liiiuore,  Md 235.1 

u  i)rleans,  La 229.2 

i.idelphia,  Pa 197.2 


Brooklyn.  N.  Y 197.2 

Boston,  Mass 194.1 

Borough  of  Manhattan 190.  9 

New  York.  N.  Y 189.4 


I  he  iDOverty  of  our  vital  statistics  does  not,  however,  permit  us  to 
;iii:ilyze  these  figures  as  to  the  incidence  of  various  infantile  con- 
ditions and  diseases  causing  death.  In  order  to  interpret  their  sig- 
nificance, Ave  must  resort  to  the  statistics  of  foreign  countries,  most  of 
whicli  have  complete  and  excellent  systems  for  the  registration  of 
death  returns. 

Inasmuch  as  in  civilized  countries  similarly  situated  with  respect 
to  latitude  the  circumstances  aifecting  mortality  are  aiDproximately 
the  same,  it  may  be  postulated  that  conditions  shown  to  exist  alsroad 
are  dui^licated  here. 

Owing  chiefly  to  her  falling  birth  rate,  the  state  of  infant  mor- 
tality in  France  has  for  some  years  been  a  subject  of  acute  interest 
both  to  her  Government  and  to  her  medical  profession.  We  find  that 
the  average  infantile  mortality  rate  of  France  has  been  167  for  the 
twenty-year  period  of  187-1-1893.  In  1903  this  rate  had  fallen  to  137, 
and  contrary  to  what  is  usually  the  case  was  lower  than  this  in  some 
of  hei-  largest  cities,  such  as  Lyon  (110),  Bordeaux  (102),  and  Paris 
(101). 

In  January,  1901,  Balestre  and  Gileta  de  St.  Joseph  presented  a 
memoir  to  the  Academie  de  Medecine  dealing  with  the  infant  mor- 
tality of  France  from  the  years  1892  to  1897,  with  special  reference  to 
the  various  causes  of  death  constituting  the  total  infant  mortality 
rate." 

Their  analysis  showed  that  in  every  1,000  infant  deaths  tmder  1 
year  of  age  no  less  than  385  were  due  to  gastro-intestinal  disease,  171 
were  due  to  congenital  states  of  debility,  117  to  disease  of  the  resjiira- 
tory  organs,  50  to  acute  contagious  disease,  25  to  tuberculosis,  and  222 
to  all  other  causes.  This  was  the  average  for  the  whole  country.  In 
certain  cities  the  death  rate  from  gastro-intestinal  disease  was  enor- 
mously increased,  being  700  per  thousand  infant  deaths  in  the  city  of 
Troyes  in  1892. 

In  1905  Ausset''  published  a  report  on  llie  infant  mortality  of  the 
Di'partement  du  Nord  practically  confirming  the  figures  of  Balestre 
and  Gileta  de  St.  Joseph. 

'  Kept  by  M.  Ferret.  Revue  d'Hygidne  et  de  MM.  Infantlles,  1905.  IV,  160. 
''  K  Au.ssft.  Kevuc  d'llygii'nc  et  de  Mt'd.  Infiuitllos,  VMrt.  II.  4:!:i.     (Cited  liy 
Harrington.) 
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The  following  table  gives  the  Tiumber  of  deaths  from  gastro-intes- 
tinal  diseases  pt'v  thousand  deaths  in  infants  of  less  than  1  ^vear  of 
age  in  certain  parts  of  the  Departement  du  Nord: 

Table  4. — Deaths  from  (/astro-intestinal  disease  prr  1,000  infant  dcalhx,  I)^part(- 
ment  du  Nord,  France. 


District  of  Dimkerque 445. 08 

Cantou    Bergues 410.61 

Canton    Bourbourg 485.  38 

Cantou   Woriuhoudt 602.  86 

Canton  Graveliues 404. 40 

2  cantons  of  Dunkerque 465.  00 

District  of  Lille 401.  26 

Canton   Armentieres 416.66 

Cauton  Quesnoy-sur-Lille 420.  28 

Canton  Seclin 383.37 

Cauton  Lauuay 398.87 

Cauton  Kontaix 464.33 


District  of  Lille — Continued. 

3  cantons  of  Tourcoign 457.  77 

8  cantons  of  Lille 427.8.'') 

District  of  Hasebrouck 395.20 

Canton  MerviHe 363.60 

Canton   Steenvoorde 394.44 

Canton    Cassel 454.06 

3  cantons  of  Bailleul 431. 11 

District  of  Valenciennes 31.3.  92 

Canton  Denain 342.10 

Canton  Conde 337.07 

Canton  Bouchain 392.40 


In  Germany,  which  has  the  second  highest  infantile  mortality  rate 
in  Eurojje,  being  surpassed  "  in  this  bad  eminence  "  only  by  Russia 
(which  in  some  districts  has  an  infantile  mortality  rate  surpassing 
500,  and  for  the  whole  country  one  of  270) ,  we  find  that  the  infantile 
mortality  rate  for  the  quinciuennium  of  1!)01-1905  is  as  follows: 

T.vBLE  5. — Arvragc  infnni  mortality  tinder  1  year  per  J. 000  liirtlis  in  Germanij, 
l'JOl-1905. 

1901 207  j  1904 196 

1902 183     1905 205 

1903 204  I 

In  1004  the  average  rate  for  323  German  cities  and  towns  having 
a  population  of  lo.OOO  or  over  was  202 ;  in  190.5  it  was  204. 

In  the  latter  year  the  average  rate  of  42  German  cities  each  witli 
a  population  exceeding  100,000  was  202,  and  for  the  twelve  months 
ending  June  30,  1906.  was  198.  The  i-eturns  of  that  year  from  these 
42  German  cities  show  further  that  of  67,637  infant  deaths  no  less 
than  28,423,  or  44.03  per  cent,  were  due  to  diarrheal  disease. 

The  excellence  of  the  German  system  of  registration  of  vital  sta- 
tistics permits  us  lo  examine  the  local  incidence  of  deaths  from  gastro- 
intestinal disorders. 

I  have  taken  the  liberty  of  combining  two  of  the  tables  in  Harring- 
ton's* admirable  article  into  the  following,  which  shows  the  birth 
rate,  the  diarrheal  death  rate,  and,  finally,  the  percentage  the  diar- 
rheal death  rate  constitutes  of  the  total  infantile  mortality  in  the  42 
German  cities  listed  in  the  table  for  the  twelve  months  ending  Jiuie 
30,  190G: 

"  Ilarringlon,  Am.  .Tour.  JIo.l.  Sci..  Vol.  CXXXII.  jip.  811-35. 
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Table  6. —  (After  Harrington.) 


Births, 

July  1,1905, 

to  June  30, 

190G. 


Aachen 

Altona 

Barmen 

Berlin 

Borkiim 

Bremen 

Breslau 

Brunswick 

Cassel 

Charlottenburg 

Chemnitz 

Cologne 

Creteld 

Dantzig 

Dortmund 

Dresden 

Duisberg 

Dusseldorf 

Elberteld 

Erfurt 

Essen 

Franfort-on-the-Main 

Gelsenkirchen 

Halle 

Hamburg 

Hanover 

Karlsruhe 

Kiel 

Koenigsberg 

Leipzig 

Magdeburg 

Mannheim 

Munich 

Nuremberg 

Plauen 

Posen 

Rixdorf 

Schoeneberg 

Stetlin 

Strassbnrf,'- 

Stuttgart 

Wiesbaden 


1,116 
3,511 


2,253 
3, 266 


1,366 
2, 735 
1,137 
1,667 
739 
597 


9,335 
7,451 

1,446 
1,169 

4,9S5 

1, 175 

20,171 

3,538 

5,908 

949 

3,052 

565 

5,083 

903 

6,671 

1,556 

14,734 

3,273 

6,304 

1,472 

5,170 

1,053 

15,787 

3,432 

10,290 

2,547 

3,745 

779 

5,123 

1,272 

5,547 

1,212 

Death 

rate  per 

1,000 

births. 


Diarrheal 
death 
rate. 


78.60 
38.37 
47.64 
»;.99 
50. 20 
73.92 
98.62 
81.22 
31.85 
64.35 

135.  67 
93.60 
53.42 

109.  87 
61.75 
83.23 
97.38 
83.43 
50.97 
42.90 
66.  67 
53. 13 
68.11 

124.77 
70.98 
37.41 
86.17 
72.99 

113.47 

121.49 

100.23 
86.46 
95.33 

113.80 
85.25 
95.  .52 
.103.66 
49.38 

112.28 
92.82 


Per  cent 
of  deaths 

due  to 
diarrhea. 


An  examination  of  this  table  shows  that  the  highest  infantile  death 
rate  reeorded  foi-  these  42  German  cities  is  that  of  Chemnitz,  with  a 
total  infantile  death  rate  of  271  and  a  death  rate  from  diarrheal 
diseases  of  135.G7.  As  Harrington  points  out,  this  latter  is  greater 
than  the  total  infantile  death  rate  of  the  city  of  Barmen  (132),  and 
is  greater  than  (he  total  infantile  death  rate  of  England  and  Wales 
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(125  in  1003),  Scotland  (inOO-1901,  128,  highest  in  50  years),  Nor- 
way (105,  average  20  years  1874-1893),  Sweden  (87,  in"o2),  Irehin<l 
(!)C.6,  average  20  years  1874-1893),  and  is  ahnost  as  high  as  the  total 
'death  rate  of  France  (137  in  1903).  The  average  death  rate  from 
diarrhea  in  all  these  42  cities  was  80.34 — figures  of  great  significance 
when  we  come  to  investigate  the  seasonal  distribution  and  tlie  cause 
of  the  prevalence  of  gastro-enteritis  in  the  neonate. 

It  is  worthy  of  note  that  the  census  report  of  1900  shows  that  in 
our  country  there  are  no  less  than  15  cities  having  a  total  death  rate 
greater  than  that  of  Chemnitz,  viz: 


Charleston,  S.  C 419.  5 

Siivaunali,  Ga 3S7.  5 

Mobile,  Ala 344.  5 

Key  West,  Fla 311.8 

Blddeford,  Me 311.  6 

Atlanta,  Ga 306.0 

Fall  River,  Mass .304.  7 

Lynchlnirg,    Va 301.7 


Uielimona.Va 300.  7 

Laconia,  N.  H 294.6 

Sbreveport,  La 203.5 

Jacksonville,  Fla 287.  0 

Norfolk,  Va 284.6 

Lowell,  Mass 275.  5 

,Washington.  D.  C 274.  5 


The  figaires  in  connection  with  the  German  cities  concern  places  of 
a  population  in  excess  of  100,000,  while  the  cities  returning  rates  in 
tliis  country  are,  many  of  them,  considerably  smaller  than  this.  As 
Harring-ton  points  out,  our  methods  of  registration  are  so  incomplete 
that  full  returns  wovdd  probably  indicate  a  condition  worse  than  now 
is  manifest,  and  that  we  have  every  reason  to  suppose,  in  view  of  the 
extreme  heat  of  our  summers,  that  the  diarrheal  death  rate  in  this 
country  forms  at  least  as  great  a  proportion  of  the  total  mortality  as 
it  does  abroad. 

SEASON.\L    FLUCTUATION. 

Nor  does  the  infantile  death  rate  maintain  itself  constantly 
throughout  the  year  at  the  same  general  level.  On  the  contrary,  it 
is  well  known  that  it  is  subject  to  enormous  fluctuations,  being  ex- 
tremely high  during  the  months  of  July,  August,  and  September,  fol- 
lowed liy  a  sharp  decline  in  the  aiitinuii.  This  accession  to  the 
infant  death  rate  is  due  to  the  great  uuiulx'r  of  deaths  from  diarrhea 
alone  in  those  months,  as  the  rate  of  mortality  due  to  other  infantile 
d incases  remains  pretty  constant  throughout  the  year. 

For  example,  at  Leipzig,  whose  percentage  (54.9)  of  deaths  from 
diarrhea  is  higher  than  that  of  any  other  city  in  Germany,  a  com- 
parison of  the  birth  rate,  the  infantile  death  rate,  and  the  diarrheal 
death  rate  by  months  shows  that  in  August,  with  an  infant  death 
rate  of  570  to  1,000  liirths.  430  of  these,  or  75.()  pei-  cent,  were  due  to 
gastro-enteritis,  whereas  in  February  the  total  infantile  mortality  had 
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sunk  to  131,  of  which  diarrheal  diseases  constituted  a  proportion  of 
only  37  to  a  thousand,  a  decrease  of  1,100  per  cent. 

In  lingland  the  report  of  the  registrar-general's  office,  compiled 
from  the  weekly  returns  of  births  and  deaths  from  76  of  the  largest 
cities  of  England  and  Wales  in  July,  August,  and  September,  1906, 
shows  that  the  total  births  for  these  months  were  110,209,  the  total 
deatlis  under  1  year  23,058,  of  which  no  less  than  14,306,  or  over 
50  i^er  cent,  were  due  to  diarrhea. 

It  is  manifest  from  the  foregoing  that  gastro-intestinal  disease, 
causing  as  it  does  one-third  to  one-half  of  all  infant  deaths  under  1 
year  of  age,  is  the  largest  single  factor  determining  infant  mortalitj'. 
Further  investigation  demonstrates  the  significant  fact  that  75  to  85 
per  cent  of  all  infants  who  die  of  diarrhea  are  artifically  fed.  Thus 
Planchon,  in  investigating  the  relation  feeding  methods  had  to  gas- 
tro-enteritis  in  Paris,  shows "  that,  while  the  diarrheal  death  rate  in 
breast-fed  infants  varies  from  a  minimum  of  2  per  thousand  in  win- 
ter to  a  maximum  of  but  20  per  thousand  during  the  hot  months,  the 
diarrheal  deaths  of  the  artificially  fed  fluctuate  from  a  minimum  of 
12  per  thousand  in  winter  to  a  maximum  of  158  per  thousand  in  the 
summer. 

In  Paris  daring  the  four  summer  months  of  1897,  2,840  infants 
under  1  year  died.  Of  these  1,470,  or  51.7  per  cent,  died  of  diarrhea. 
Of  these  1,470  who  died  of  diarrhea,  only  139  were  breast  fed,  and 
1,331,  or  over  90  per  cent,  were  artificially  fed. 

The  following  table  from  Harrington  (loc.  cit.)  illustrates  ad- 
mirably this  point  at  Berlin.  The  figures  given  cover  the  quin- 
quennium of  1900-1904  and  relate  to  the  incidence  of  deaths  among 
the  bottle  fed  and  the  breast  fed  when  the  method  of  feeding  could  be 
determined. 

Table  7. 


Number  of 

deaths 

among  in- 

Number of 

Percentage 

Percentage 

Yeiir. 

fants  under 

deaths 

of  deaths 

of  deaths 

1  year  of  age 
whose  mode 

amoiiK 

(it  breast- 

among 

breast  fed. 

of  feeding 

was  known. 

1900 

9,558 

895 

9.36 

90.60 

1901 

9,878 

856 

9.17 

90.80 

iyo2 : 

7,027 

768 

10.17 

89.10 

1903 

7,680 
7,780 

753 

9.11 
9,68 

90  59 

1904  . .                 

90.82 

Again,  Helle  *  in  analyzing  the  infantile  death  rate  of  the  city  of 
Graz  shows  that  out  of  170  deaths  from  intestinal  disease  in  the  fis- 
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cal  year  of  1903-4  but  -1  of  these  were  breast  fed,  48  were  partly 
breast  fed,  117  were  bottle  fed,  and  in  one  case  the  method  of  feeding 
was  unknown. 

Reference  to  Table  (J  shows  that  the  German  city  of  Barmen,  with 
an  infant  mortality  rate  of  132  (1906),  enjoys  the  lowest  rate  of  any 
city  in  Germany,  and  for  a  number  of  years  has  made  a  favorable 
showing  in  this  respect.  Kriege  and  Sentemann  "  attribute  this  for- 
tunate circumstance  to  the  general  prevalence  of  breast  feeding  in 
that  city,  G3  per  cent  of  all  infants  being  nursed  by  their  mothers, 
15  per  cent  being  partly  breast  fed,  and  only  22  per  cent  being 
bottle  fed. 

Further  space  can  not  be  devoted  to  the  multiplication  of  figures 
showing  the  relative  immunity  of  the  breast-fed  child  to  death  from 
diseases  of  the  digestive  tube.  Xothing.  however,  can  more  graphic- 
ally illustrate  this  point  than  the  accompanying  chart  from  Budin 
which  is  here  reproduced  (p.  696). 

PART  II.— THE  INFANT'S  DIETARY. 

In  common  with  adults,  the  infant  requii'es  five  elements  of  food 
for  its  su.stenance,  to  wit:  Proteid,  carbohydrate,  fat,  mineral  salts, 
and  water.  Owing,  however,  to  the  undeveloped  state  of  its  organs 
of  assimilation  it  can  not  avail  itself  of  any  wide  dietary  range.  By 
reason  of  its  rapid  growth  and  more  active  metabolism  it  requires 
food  of  special  form  and  with  the  nutritive  ingredients  in  special  pro- 
portions to  each  other.  Alilks  are  the  only  class  of  food  which  ful- 
fill these  conditions,  being,  as  they  are,  an  animal  product,  designed 
by  nature  only  to  that  end. 

As  this  paper  deals  merely  with  the  dietary  of  infants  less  than  1 
year  of  age,  woman's  milk  and  its  only  feasible  substitute,  cow's 
milk,  will  alone  be  considered. 

woman's  milk. 

Woman's  milk  is  the  secretion  of  the  human  mammary  gland.  Un- 
der normal  conditions  of  huialion  it  is  in  no  sense  a  transudation 
from  (lie  blood  and  lyuiphatics,  but  is  a  true  secretion  elaboi'ated  by 
glandular-  tissue.  True  milk  is  not  present  in  the  mamnuiry  glands 
until  two  to  four  days  after  pailurilioii,  and  occasionally  not  until 
the  fifth  day. 

Colosti-imi. — The  secret  i(m  present  in  the  mamma  for  the  first  few 
days  after  delivery  difl'ers  materially  from  normal  milk  and  is  known 
as  "colostrum."     It  is  a  fluid  of  a  deep  yeliow  tint,  cliieHy  due  to 

"Allc.  (Vlitriilliliill    f.  (icsuiKnuMlspflcKe.   l!Htl).  X.W,  25. 
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bodies  it  contains  known  as  "  colostrum  corpuscles."  It  is  not  so 
sweet  as  milk,  is  strongly  alkaline  in  reaction,  of  a  specific  gravity 
of  1.030  to  1.040,  and  is  rich  in  salts  and  proteids.  These  proteids  sire 
of  a  nature  similar  to  the  proteids  of  the  blood  as  they  are  coagulated 
by  heat.  Colostrum  contains  less  sugar  and  fat  than  milk,  and  micro- 
scopically its  fat  globules  vary  in  size  and  are  intersjjersed  with 
numerous  bodies  four  or  five  times  their  size,  known  as  "  colostrum 
corpuscles." 

Composition  of  colostrum. — According  to  Pfeiffer's  analysis,  the 
composition  of  colostrum  is  as  follows : 

Per  cent. 

Proteid 5. 71 

Fat . - 2. 04 

Sugar 3.74 

Salts 0.  25 

Water 88.23 

100.  00 
Calorie  value  per  kilogram,  577.17  calories. 

The  colostrum  corpuscles  are  very  abundant  during  the  first  few 
days,  but  under  normal  conditions  disappear  after  the  tenth  or 
twelfth  day. 

Function  of  colostrum. — The  exact  role  of  the  colostrum  is  not  as 
yet  fully  understood.  We  may  infer  from  the  nature  of  its  composi- 
tion and  its  proteids  that  it  furnishes  to  the  newborn  child  during  its 
adjustment  to  its  novel  surroundings  the  full  expansion  of  the  lungs 
and  the  awakening  of  the  digestive  jjrocesses,  nourishment  of  a  char- 
acter similar  to  that  it  received  from  the  placenta  as  a  fetus.  That  it 
serves  a  purpose  is  proven  by  its  being  the  first  secretion  not  only  of 
the  human  breast  but  of  that  of  all  mammals. 

Physical  characteristics  of  looman^s  milk. — With  the  establishment 
of  lactation  the  breast  secretes  a  fluid  of  the  following  physical  char- 
acteristics: It  is  of  a  bluish  color  and  marked  sweetish  taste.  Under 
normal  conditions,  with  the  exception  of  some  skin  cocci,  it  is  jDracti- 
cally  sterile.  These  are  most  abundant  in  the  "  foremilk."  Its  spe- 
cific gravity  varies  from  1.02C)  to  1.036  (average,  1.032  at  21°  C). 
Its  reaction  is  either  amphoteric  or  slightly  alkaline  when  fresh. 
Dilute  acetic  acid  merely  produces  a  light  flocculent  precipitate,  and 
its  proteids  are  not  appreciably  coagulated  by  the  action  of  rennet. 

Composition. — The  exact  average  composition  of  breast  milk  is 
diflicruh  to  determine,  as  it  is  subject  to  rather  wide  variations  between 
normal  limits  and  at  different  stages  during  the  act  of  being  secreted. 
Thus  the  "  foremilk  "  is  relatively  thin,  the  middle  portion  richer, 
and  the  "  strippings  "  richest  of  all  in  fat  content.  Owing,  more- 
over, to  faulty  methods,  prc\ious  analyses  of  woman's  milk  ha\e  been 


699 

erroneous.    Even  now  its  exact  composition,  beyond  the  relative  pro- 
portions of  its  constituents,  is  imperfectly  understood. 

According:  to  the  most  recent  analyses  of  Pfeiffer,  Koenig,  Leeds, 
Harrington,  Adriance,  and  others  the  average  composition  of  human 
milk  is  as  follows: 

Comixixilion  uf  icoman's  millc. 


Percent- 
age. 

Common  nor- 
mal varia- 
tions. 

Fat                        . 

4.00 
7.00 
1.50 
.20 
87.30 

Per  cent 
3. 00-    ft.  00 

6.00-    7.00 

1.00-    2.25 

18-      .25 

89. 82-  85. 50 

100.00 

100.00  100.00 

.\n  average  calorie  value  per  kilogram,  710. .5  calories ;  common  normal  variations  of 
caloric  value  per  kilogram,  550  calories  to  844.25  calories. 

Former  analyses  have  for  the  most  part  assigned  to  it  a  higher 
amount  of  proteid  and  a  lesser  amount  of  sugar  than  this.  The 
composition  of  milk  is  pretty  nearly  constant  throughout  lactation, 
e.xcept  during  the  first  month  and  toward  the  close.  At  the  com- 
mencement of  lactation  the  proteids  and  salts  are  high,  and  near  its 
end  the  ijroteids  have  a  tendency  to  diminish  (Adriance). 

Proteids. — Our  knowledge  of  the  proteids  of  woman's  milk  is  still 
incomplete.  The  most  important  proteid  substances,  however,  are 
casein  and  lactalbnmen.  Some  investigators  mention  a  third,  lacto- 
globulin.  The  casein  is  in  chemical  combination  as  calcium  casein, 
and  owing  to  its  relative  proportions  to  the  other  proteids  is  only 
slightly  |)recipitated  !)y  dilute  acids  and  not  appreciably  coagulated 
by  I'ennet. 

The  lactalbuinen  is  believed  to  be  similar  to  serumglobulin. 

Tiie  proportions  of  lactalbnmen  to  casein  have  not  been  definitely 
agreed  upon,  but  it  exists  in  far  gi'eater  })roportions  relative  to  the 
casein  than  in  cow's  milk.  According  to  Koenig,  the  relative  propor- 
tions are  as  5  to  4.  The  total  amount  of  proteids  varies  normally 
from  1  to  2  per  cent  and  abnormal ly  from  0.07  to  4.5  per  cent.  They 
are  highest  during  tiie  first  few  days  of  lactation ;  after  the  first  few 
weeks  they  vary  but  little  until  toward  its  end,  when  they  experience 
a  decided  decrease. 

Fat. — Fat  is  present  in  woman's  milk  in  the  f<iriii  of  miiuitc  glob- 
ules, and  in  perfect  emulsion  by  virtue  of  the  albuminous  fluid  in 
which  tliey  arc  susj^ended.  It  exists  mainly  in  the  form  of  the  neu- 
tral fats,  olein,  palniitin,  and  stearin,  and  but  small  (|iiantities  of 
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the  fatty  acids  are  present.  Forty-three  analyses  by  Leeds  show  vari- 
ations in  the  fat  content  of  woman's  milic  of  between  2.11  and  ().89 
per  cent,  with  an  average  of  4  per  cent.  The  percentage  of  fat  pres- 
ent in  woman's  millc  is  but  little  affected  by  the  period  of  lactation. 

Sugar. — Sugar  is  the  most  constant  of  the  ingredients  of  human 
milk  in  its  percentage.  It  is  present  as  lactose  in  complete  solution 
in  the  proportions  of  from  C  to  7  per  cent.  Its  quantity  is  least  in 
the  first  week.    After  the  first  month  its  variations  are  very  light. 

Salts. — Only  one-fourth  as  much  inorganic  salts  is  present  in 
woman's  milk  as  in  cow's  milk,  and,  with  the  exception  of  the  cal- 
cium in  combination  with  the  casein,  are  all  in  solution.  They  are 
present  in  the  proportion  of  20  per  cent. 

CLINICAL   EXAMINATION    OF    WOMAn's    MILK. 

It  is  often  of  importance  to  recognize  the  occurrence  of  quantita- 
tive and  qualitative  departures  from  the  normal  composition  of 
woman's  milk  occurring  during  lactation,  and  their  nature,  as  upon 
them  are  dependent  many  nutritional  disturbances  of  the  nursing 
child. 

The  most  common  abnormalities  to  be  recognized  are  (a)  disturb- 
ances in  the  quantity  and  {!>)  disturbances  in  the  quality  of  the  lac- 
teal secretion. 

According  to  the  researches  of  Haehner,  Feer,  Huebner,  Laure, 
Ahlfeld,  and  others,  the  average  daily  quantity  of  milk  drawn  by 
infants  of  different  ages  is  as  follows: 

Ounces. 

At  end  of  first  week,  300  to  .500  grams 10  to  16 

During  second  week,  400  to  550  grams 13  to  18 

During  tliird  weelJ,  430  to  720  grams 14  to  24 

During  fourth  weeli,  500  to  800  grams 16  to  26 

From  fifth  to  thirteenth  weelc.  600  to  1,030  grams 20  to  34 

From  fourth  to  sixth  mouth,  720  to  1,150  grams 24  to  38 

From  sixth  to  ninth  month,  900  to  1,220  grams 30  to  40 

The  average  daily  amount  of  milk  per  kilo  of  body  weight  drawn 
by  the  child  was  found  to  be  as  follows: 

Ounces. 

During  lirsl  Www  inonUis,  l."iU  cubir  (■ciitinieters '. 5 

During  second  tlirce  nmntlis,  I  li' cnliic  centimeters 45 

During  third  and  fdurlli  lluc<'  ninnllis,  120  cubic  centimeters 4 

It  was  also  found  that  the  total  daily  amount  drawn  corresponds 
very  nearly  to  the  following  figures  in  proportion  to  the  body  weight 
of  the  child : 

r'irst  tlirco  weclis,  onc-fiffli  (d'  IkmI.v  widghl. 

First  montli  to  end  of  sixtli  monlh,  one-sixth  to  one-seventli  of  l>od.v  weight. 

Last  half  of  first  year,  one-oighth  of  body  weight. 
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The  daily  quantity  of  the  milk  drawn  from  the  breast  by  the  child 
is  best  determined  by  weighing  the  child  before  and  innnediately 
after  each  feeding  during  the  entire  twentj'-four  hours  for  several 
days.  An  accurate  set  of  scales,  sensitive  to  15  grams  (|  ounce)  should 
be  used.  By  computing  the  sum  of  the  weights  of  the  separate  feed- 
ings for  each  day  and  striking  an  average  for  the  daily  amounts 
during  the  period  of  observation,  the  average  amount  of  the  daily 
consumption  of  milk  can  then  be  determined.  As  children  vary  in 
age,  weight,  and  nutritive  needs,  the  figures  obtained  will  only  be  of 
value  when  compared  to  the  body  weight  and  age  of  the  child  that 
received  them,  as  is  subsequently  to  be  discussed. 

Reaction. — This  may  be  tested  by  litmus  paper  and  should  be 
alkaline  or  amphoteric,  never  acid. 

Specific  gravity. — This  may  be  determined  with  the  aid  of  any 
small  hydrometer,  such  as  a  urinometer  with  a  scale  registering  from 
1,010  to  1,040.  The  specific  gravity  is  lowered  by  fat,  but  increased 
by  the  other  solids. 

Microscopical  exaimnation. — Besides  the  fat  globules,  the  micro- 
scope may  reveal  the  presence  of  colostrum  corpuscles,  blood,  pus, 
epithelial  cells,  bacteria,  and  granular  detritus.  The  presence  of  colos- 
trum corpuscles  is  abnormal  after  the  twelfth  day  of  lactation.  Blood 
and  pus  are  always  abnormal.  The  presence  of  blood  and  jdus  in  the 
milk  require  the  susjjension  of  lactation  until  they  disappear. 

Determination  of  fat. — The  simplest  method  of  determining  the  fat 
of  woman's  milk  is  by  Holt's  cream  gauge.  This  is  a  graduated  tube 
on  a  foot,  v.ith  a  glass  stopper.  Tlie  tube  is  filled  with  freshly  drawn 
milk  to  the  zero  mark  at  the  top  of  the  scale  and  the  whole  allowed 
to  stand  at  room  temperature  for  twenty-four  hours.  The  jjercentage 
of  cream  according  to  the  scale  is  then  read  off.  The  ratio  of  the 
cream  to  the  fat  content  is  as  5:  3;  e.  g.,  5  per  cent  of  cream  equals  3 
per  cent  of  fat,  etc. 

^^^lile  not  very  accurate,  this  method  suffices  for  clinical  purposes. 
Eesults  approximating  the  accuracy  of  a  chemical  analysis  may  be 
obtained  by  the  Babcock  test  or  by  Lewis's  modification  of  the  Leff- 
man  and  Beam  test  for  cow's  milk  (Holt).  This  is  a  centrifugal  test 
for  which  special  tubes  are  required,  which,  however,  may  be  used  in 
the  ordinary  centrifuge  for  urine. 

Sugar. — The  percentage  of  sugar  in  human  milk  is  subject  to  very 
little  variation,  and  may  be  regarded  as  constant  for  clinical  pur- 
poses. 

Proteidx. — The  determination  of  the  proteids  in  woman's  milk  is  an 
elaborate  process  requiring  the  resources  of  a  well-equipped  chemical 
laljoratory. 

We  may,  however  (according  to  Holt),  gain  an  appro.ximate  idea 
of  their  percentage  by  considering  the  sugar  and  salts  of  milk  as  con- 
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stants  not  affecting  its  specific  gravity,  and  estimating  the  protcids 
from  our  knowledge  of  the  fat  content  of  the  specimen.  Now.  the 
specific  gravity  will  var_y  directly  with  the  proteids  and  inversely  to 
the  fat,  viz,  high  proteids,  high  specific  gravity;  high  fat,  low  spe- 
cific gravity.  The  following  table  shows  the  apijlication  of  this 
principle : 

Varidtioihs  in   tite  componitU/n  of  u-oman's  milk  as  dcduicd   by  olixcrvutinii   of 
the  specific  gravity  and  the  fat  content  (Bolt). 


Normal  variations. . . 
Normal  variations. . . 
Abnormal  variations 

Abnormal  variations 
Abnormal  variations 

Abnormal  variations 


Specific  gravity,  70°  F. 


1,031 

1,02S-1,032 

1,031 

Low  (below  1,028) . 

Low  (below  1,028) .. 
High  (above  1,032 ) 

High  (above  1,032). 


Cream,  24  hours. 


7  per  cent 

8-12  per  cent 

5-6  per  cent 

High  (above  10  per  cent) 

Low  (below  5  per  cent) . . 
High 

Low 


Proteids,  estimated. 


1.50  per  cent. 
Normal  (rich  milk). 
Normal  (fair  milk). 
Normal     or    slightly 

below. 
Low  (very  poor  milk). 
Very  high  (very  rich 

milk). 
Normal  or  nearly  so. 


As  the  milk  drawn  from  the  breast  during  the  first  part  of  nnrsing 
is  richer  in  proteids  and  much  poorer  in  fats  and  the  last  portion 
rather  poorer  in  proteids  and  rich  in  fats,  the  entire  amount  of  milk 
present  in  the  breast  should  be  drawn  off  for  the  purpose  of  this  esti- 
mation. 

cow's    MILK. 

Cow's  milk  is  the  only  food  .supply,  apart  from  mother's  milk, 
available  in  this  country,  from  a  practical  standpoint,  for  the  nourish- 
ment of  infants  under  1  year  of  age.  It  forms  besides  a  large  part  of 
the  dietary  of  older  children  and  of  many  adults.  It  is  consequently 
of  the  utmost  importance,  in  view  of  its  perishability,  that  it  should 
only  be  used  as  a  food  under  conditions  which  will  insure  its  whole- 
someness. 

We  have  already  considered  the  enormous  loss  of  life  occurring 
among  the  artificially  fed  infants,  of  which  the  larger  part  is  un- 
doubtedly due  to  bad  milk  and  its  imin'oper  use  as  an  article  of  diet. 

Slated  as  a  general  proposition,  the  following  conditions  should  be 
fulfilled  in  milk  that  is  to  be  used  as  a  basis  for  the  nourishment  of 
young  infants:  First,  it  should  be  clean;  second,  it  should  be  fresh; 
third,  it  should  be  whole  (i.  c  not  falsified  by  additions  or  subtrac- 
tions of  its  component  parts  or  by  the  addition  of  preservative-s)  ; 
fourth,  it  should  be  free  from  pathogenic  organisms  and  to.xic  prod- 
iirts:  inn!  fifth,  it  should  l)e  kept  cold. 

/ til /lortniH-e  of  clean-  milk. — By  clean  milk  we  understand  a  milk 
which  has  been  collected  under  such  hygienic  conditions  from  healthy 
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iniimals  and  handled  under  such  precautions  as  to  insure  its  reach- 
iiii:'  the  consumer  ^A'itholrt  containing  any  visible  particles  of  ex- 
tniiicous  matter  as  well  as  any  excessive  number  of  bacteria. 

1  'nfortunately,  whenever  the  milk  supply  of  a  community  has  been 
iuxcstigated,  either  under  pul)lic  or  private  auspices,  the  conditions 
fdimd  to  prevail  in  the  production  and  handling  of  milk  have  always 
hnii  disappointing,  if  not,  as  in  many  instances,  revolting  to  the  last 
d' ;jiee.  Tlae  insanitary  surroundings  and  general  condition  of  filth 
jiicvailing  at  some  dairy  farms  is  at  times  indescribable,  and  the  ex- 
amination of  milk  produced  under  these  conditions  reveals  not  only 
a  l)acterial  flora,  but  a  degree  of  contamination  with  gross  particles 
1)1  extraneous  matter  such  as  to  suggest  utter  carelessness  or  ignorance 
on  the  part  of  the  producer. 

Alilk  when  produced  under  such  circumstances  not  only  contains  a 
l>Iiiitiful  enrichment  of  dust,  dirt,  dung,  cow  hairs,  flies,  and  other 
fnicign  bodies,  but  also  a  boimteous  inoculation  of  bacteria  of  all 
forms,  such  as  may  render  it  from  the  very  outset  imfit  for  human 
consumption. 

Significance  of  a  large  bacterial  content  in  milk. — While  many  of 
the  numerous  varieties  of  bacteria  encountered  in  milk  are  of  a  harm- 
less character,  their  presence  in  large  numbers  is  always  evidence 
of  either  milk  carelessly  handled  or  milk  improperly  cooled  and 
kept.  The  presence  of  gross  contamination  with  the  foreign  mat- 
ters previously  enumerated  insures  the  planting  of  the  bacteria  of 
putrefaction  and  decomposition.  Such  milk,  without  sufl'ering  any 
material  change  in  its  taste  or  phj'sical  appearance,  may  contain  the 
poisons  of  bacterial  activity  to  a  dangerous  extent.  No  universal 
standard  has  as  yet  been  settled  upon  as  to  what  constitutes  an  excess- 
ive degree  of  bacterial  contamination  of  milk.  In  general  it  has 
been  agreed  that  for  milk  sold  from  cans,  anything  less  than  100,000 
to  the  cubic  centimeter  is  good;  for  milk  sold  in  bottles,  anything 
under  10,000  must  be  considered  esi^ecially  good.  Yet  it  is  possible 
by  the  exercise  of  especial  care  to  produce  a  milk  which  the  year 
round  when  delivered  to  the  consumer  will  have  an  average  bacterial 
content  of  less  than  5,000  to  tiie  cubic  centimeter.  Milk  from  high- 
grade  dairies,  when  sold  in  bottles,  usually  averages  from  10,000  to 
100,000  bacteria,  while  milk  sold  from  cans  may  range  anywhere  from 
100,000  to  40,000,000,  especially  in  hot  weather. 

F>-esh  milk.— By  fresh  milk,  we  understand  milk  less  tlian  twenty- 
four  hours  old  when  delivered.  Under  the  ordinary  conditions  pre- 
vailing in  the  handling  of  milk  it  will  have  undergone  such  fei'mcTita- 
tive  changes  as  to  render  it  unfit  for  the  use  of  young  children  after 
the  expiration  of  this  period.  Tiie  special  conditions  of  care  in  the 
production  of  milk  which  render  it  safe  after  a  longer  time  than 
this  are  unfortunately  very  far  from  prevalent. 
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Infected  milk. — Infected  milk  is  milk  contaminated  with  patho- 
genic genns.  Very  many  instances  have  been  and  are  still  being  ad- 
duced of  efjidemics  of  the  zymotic  diseases,  such  as  typhoid  fever, 
scarlet  fever,  diphtheria,  and  the  like,  which  have  been  directly 
traced  to  milk  contaminated  with  their  specific  bacilli.  Such  epi 
demies  originate  either  in  the  water  supply  of  the  dairy  farm  or  from 
sickness  among  the  jjersonnel  engaged  in  handling  it.  Patliologieal 
conditions  affecting  the  cow  are  also  contributive  to  the  infection  of 
milk.  Thus  tuberculous  disease  of  the  udder  is  a  fruitful  source  of 
the  presence  of  the  bacillus  of  tuberculosis,  and  garget,  an  inflamma- 
tion of  the  bovine  mammary  gland,  is  a  very  common  cause  of  the 
presence  of  pus  and  streptococci.  In  short,  unless  conditions  affect- 
ing the  water  supply,  the  dairj^  farm,  the  health  of  the  cattle,  and 
the  incidence  of  disease  among  the  emj^loyees  engaged  in  handling  it 
from  the  cow  to  the  consumer  are  subject  to  efficient  prophylaxis,  so 
long  will  conditions  favorable  to  the  infection  of  milk  obtain. 

Falsification  of  7nilk. — It  is  obvious  that  milk  should  be  what  it 
purports  to  be,  i.  e.,  whole  milk.  It  should,  therefore,  not  be  robbed 
of  its  content  of  butter  fat  by  skimming,  nor  should  its  color  be  im- 
proved by  artificial  means.  It  is  needless  to  say  that  no  preservatives 
should  be  added  to  it,  as  is  often  done  by  the  unscrupulous. 

Cold  mill-. — The  prompt  cooling  of  milk,  after  it  is  drawn,  to  a 
temj:)erature  of  7.7°  C.  (45°  F.)  and  its  maintenance  at  that  temper- 
ature until  the  time  of  consumption  is  one  of  the  most  efficient  means 
at  our  command  for  restraining  the  growth  of  its  bacterial  content 
and  preserving  its  wholesomeness  as  a  food.  Milk  is  an  excellent 
culture  medium  for  bacteria.  Although  by  appropriate  precautions 
the  number  of  germs  jiresent  can  be  very  materially  reduced,  there 
are  no  methods  at  present  commercially  possible  by  which  the  nat- 
ural sterility  of  motlier's  millv  as  drawn  by  the  babe  can  be  imitated. 
It  is.  entirely  witliin  our  means,  however,  to  restrict  the  gi'owth  of 
bacteria  in  milk. 

The  rapid  cooling  of  cow's  milk  after  it  has  been  drawn  to  a  tem- 
perature of  7.7°  C.  (45°  F.)  and  the  maintenance  of  that  tempera- 
ture until  the  time  of  consumption  not  only  prevents  the  muUi]iH- 
cation  of  its  original  bacterial  content,  but  actually  tends  to  diminish 
their  number.  In  the  winter,  the  low  atmospheric  temperature  ren- 
ders this  easy  of  accomplishment.  In  the  summer,  the  fulfillment  of 
these  conditions  involves  the  use  of  efficient  methods  of  refrigeration 
on  tlie  ])art  of  the  dairyman,  (ho  (i-ans]K)r(a(i()n  company,  the  milk 
jobbei"  or  handling  company,  and  linaiiy  on  tiie  part  of  the  consumer 
to  whom  the  milk  is  delivered. 

It  is  (he  preliminary  seeding  of  niilk  witii  (lie  noxious  germs  of 
filth  and  (heir  deliberate  and  lii\iii-i:in(  (■iil(iva(i()n  by  conditions  of 
temperature  bodi  of  (he  milk  and  its  surroundings,  often  simulating 
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lliat  of  a  laboratoiT  incubator,  which  is  one  of  the  chief  causes  of 
ilir  higli  degree  of  diarrheal  mortality  during  the  summer  months 
1)1  the  infants  to  which  it  is  fed.  Instead  of  the  phrase  "milk  warm 
lV(im  the  cow,"  so  connnon  in  popular  literature,  we  must  substitute 
the  words  '' milii  cold  from  the  cow"  and  see  to  it  that  they  liocoine 
,111  actuality. 

COMPOSITION    OF    cow's    AIII.K. 

The  composition  of  cow's  milk  from  diiferent  breeds  varies  chiefly 
ill  (he  content  of  butter  fat,  the  other  ingredients  being  remarkably 

I I  instant  in  their  jDroportions.  Holstein  cattle  produce  milk  with 
I  111  lowest  fat  content  (3  per  cent)  and  Jersey  cattle  that  with  the 
!ii;ihest  (5  per  cent).  According  to  the  analyses  of  Richmond, 
Fleischmann,  United  States  Experiment  Station,  Adi-iance,  and 
others,  good  herd  milk  has  the  following  average  composition: 

Average  herd  milk  of  good  quality. 

Per  cont. 

I:it 4.00 

IT.iieids 3.50 

SML-ar 4.50 

\\:iter 87.25 

1(X).  00 
I 'iilorir  value  iier  kilo.itram,  700  calorios. 

I'hysical  characteristics  of  cow's  milk.  Its  color  is  white,  varying 
iViiin  a  clear  to  a  yellowish  white.     It  is  very  opaque,  the  opacity 

III  iiig  due  to  its  large  content  of  calcium  in  combination  with  its 
la-i'in.  Its  specific  gravity  varies  from  1.028  to  1.033,  with  an  aver- 
age of  1.031.  Its  taste  is  pleasant  and  characteristic.  The  addition 
of  acetic  acid  causes  a  flocculent  precipitate,  and  on  the  addition  of 
rennet  it  coagulates  into  a  firm  mass. 

Reuction. — When  fleshly  drawn  this  is  amphoteric  or  slightly 
alkaline;  on  standing  it  soon  becomes  acid. 

Protei(h. — The  proteids  of  cow's  milk  consist  mostly  of  casein  in 
conil>ination  with  calcium.  As  in  woman's  milk,  lactalbumen  is 
also  present  but  in  small  quantity.  According  to  Koeuig,  casein  i.4 
present  in  the  proportion  of  T  to  1  as  compared  to  lactalbumen. 

Fat. — The  fat  in  cow's  milk  is  the  element  that  is  most  subject  to 
variation,  as  the  coutent  of  the  other  food  elements  is  remarkably 
constant.  A  milk  jioor  in  butter  fat  contains  about  3  per  cent,  while 
a  rich  milk,  such  as  milk  from  Jersey  cows,  contains  T)  to  5.25  per 
cent  of  fat.  It  is  highly  inqiortant  to  know  (be  jwrcentage  of  fat 
l)resent  in  milk  actually  Ix'ing  used  for  the  feeding  of  infants,  for 
rea.sons  discussed  later  on. 
1414— Bull.  50—09 45 
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The  sugar  of  cow's  milk  is  priictically  identical  with  that  of 
woman's  milk,  and  is  present  in  the  proportion  of  about  4.50  pii 
cent. 

Salts. — Inorganic-  salts  are  [)resent  in  the  proportion  of  0.7.">  pci- 
cent,  of  which  calciinii  and  ph()sj)h()ric  acid  are  the  most  alHindaiil 
constituents. 

Bartci'ia. — Cow's  milk  always  contains  a  large  number  of  bacteri!i, 
their  number  increasing  with  the  age  of  the  milk  and  the  conditidii- 
under  which  it  is  kept. 

Cream: — Cream  is  merely  cow's  milk  rich  in  fat  to  excess.  It  i- 
obtained  either  by  skimming  the  milk  (gravity  cream)  or  is  separati'^l 
from  it  centrifugally  by  a  machine  known  as  a  separator.  It  diil'<  r- 
from  milk  but  slightly  in  its  other  solids.  Very  rich  cream  (40  \)y\- 
cent)  contains  relatively  less  sugar  and  proteid  (sugar  3  per  cent. 
proteid  2.20  per  cent).  The  usual  strengths  of  separated  cream - 
marketed  contain  respectively  8  per  cent,  12  jier  cent,  IG  per  cent,  ijn 
per  cent,  and  40  per  cent  of  fat. 

PART  III.— INFANT  FEEDING. 

XFTRrriVE  REQUIREMENTS  OF  INFANTS. 

It  is  obvious  that  any  inquiry  into  the  methods  of  infant  feedinir 
demands  an  intelligent  comprehension  of  their  nutritive  requirement-. 
Yet  this  phase  of  the  question  has  been  the  object  of  scientific  study 
only  of  recent  years.  ^Miy  this  has  been  so,  it  is  difficult  to  under- 
stand, seeing  that  we  have  long  been  possessed  of  very  precise  data 
as  to  the  calorific  value  of  the  various  articles  composing  the  adult's 
dietary  and  the  amount  of  heat  units  required  to  maintain  their 
nutrition  under  various  circumstances.  And  yet,  until  the  investi- 
gations of  Heubner  and  his  co-workers,  our  knowledge  of  the  nutri- 
tive needs  of  infants  has  been  mainly  empirical  and  based  merely  nn 
clinical  observations,  observations  which  I  may  add  have  been  tlir 
source  of  serious  error. 

The  world  is  indebted  to  O.  Heubner  of  Berlin,  who  was  the  tii>i 
of  a  series  of  investigators,  now  rapidly  increasing,  for  the  discovery 
of  facts  which  go  a  long  way  toward  solving  the  difficult  problem  df 
infant  feeding.  Heubner,"  appreciating  that  the  principles  underly- 
ing the  feeding  of  infants,  could  only  be  worked  out.  as  in  the  case  nt' 
adults,  from  the  logical  basis  of  the  numl)er  of  calories  per  kilogram 
of  body  weight  required  by  them  for  the  purposes  of  growth  and 
nutrition,  undertook  a  sei'ies  of  exhaustive  experiments  with  this  end 
in  view. 

"  O.  Heubner,  Die  Energiebilanz  des  Siiuglings.  Zeitschrift  f.  diiltet.  u.  physili. 
Therapie,  1001,  Vol.  V,  p.  13.  i 
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lAkc  most,  fundamental  in  vest!  (nations,  liis  line  of  procedure  was 
|iiil('  sinij)lo,  heiiiff  merely  to  determine  the  dail}'^  amounts  nursing 
liildren  took  at  the  bretist,  each  day  for  successive  months,  to  tabulate 
he  daily  and  weekly  gains  observed,  and  finally  to  determine  by 
lit'iiiical  analysis  the  composition,  and  from  that  the  calorific  energy 
>l  I  he  milk  that  produced  it. 

His  results  show  that,  on  the  average,  nursing  infants,  in  order  to 
1 1  live,  require  the  following  food  value,  or  energy  quotient  as  he 
Is  it,  per  kilogram  of  body  weight:  Fii-st  week  in  life,  60  calories ° 
I  (  !■  kilogram  of  body  weight;  fii-st  three  months,  100  calories  per 
Ivi Ingram  of  body  weight;  second  three  months,  100  to  90  calories  per 
Li  Ingram  of  body  weight;  third  and  fourth  three  months,  80  calories 
|ji  r  kilogram  of  body  weight. 

His  results  were  confirmed  by  Feer,  ><ordheim,  Beutner,  Czemy, 
Kriler,  and  others.  He  also  found  that  an  energy  quotient  of  70  was 
Mi(  minimum  on  which  a  child  of  less  than  1  year  of  age  could 
UDiintain  its  weight.  Any  diminution  of  the  quotient  below  this 
Ic  \ el  was  followed  by  a  loss.  Moreover,  the  I'esearches  of  Czerny  and 
Keller''  have  shown  that  the  energy  quotient  of  100  calories  per 
kill)  of  body  weight  marks  an  upper  limit  which  can  only  be  tem- 
IKirarily  surpassed  without  inducing  disastrous  nutritive  and  gastro- 
iiiti'stinal  disturbances.  These  disturbances  will  be  later  discussed 
iiinlcr  the  head  of  "  overfeeding." 

A  necessary  part  of  these  researches  was  the  determination  of  the 
lalciric  value  of  mother's  milk.  As  human  milk  varies  in  composi- 
tiiiii,  not  only  in  different  individuals  but  at  different  stages  of  its 
>(M  retion  from  the  breast,  only  average  values  could  be  found.  Ac- 
cording to  the  richness  of  the  milk,  it  varied  from  t)l-t.2  to  723.9  when 
lactation  was  fairly  established  with  an  average  caloric  value  of  G.50 
to  the  kilogram. 

The  determination  of  the  caloric  value  of  any  food  substance  is 
very  easy  once  we  know  its  percentage  composition  as  one  gram  of  fat 
produces  9.3  calories  and  one  gram  of  proteid,  and  one  gram  of  car- 
bohydrate have  each  a  caloric  value  of  4.1. 

Thanks  to  these  investigations  we  are  now  in  a  position  to  deter- 
mine most  exactly,  if  desired,  the  amount  of  food  re(]uired  by  each 
individual  child  in  order  to  nourish  it  and  give  it  growth  and  liave, 
furthermore,  data  by  which  we  determine  whether  it  is  getting  too 
much,  in  time  to  avert  the  disastrous  consequences. 

"  This  term,  jis  used  in  this  paper,  refers  to  lar^e  calories,  or  llie  iiniount  of 
heat  requisite  to  raise  1  liilogram  of  water  1°  C.  in  tenipernluro'. 

6  Czerny  and  Keller,  Des  Kindes  Ernahrung,  Ernahruugsst(irunj:eii  und 
Erniihruugsthcrapie. 
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METHODS   OK    FEEDINfi    INFANTS. 

There  are  three  mctliods  by  which  infants  may  be  fed  :  (a)  Maternal 
nursiniv.  (&)  mixed  feedin<>:,  part  maternal  and  part  artificial,  and 
(c)  artificial  feeding  exclusively. 

MATERNAL    NURSING. 

I //rportanre  of  mnternnl  nursing. — The  importance  of  maternal 
nursing  can  not  be  overestimated.  Were  mothers  able  universally  to 
nurse  their  children,  one-third  to  one-half  of  infant  deaths  would  be 
expunged  from  our  mortality  returns. 

The  number  of  women  capable  of  nursing  their  children  is  prob- 
ably greater  than  is  supposed.  Von  Bunge's "  statistics,  gathered 
from  all  parts  of  Europe,  tend  to  show  that  probably  75  per  cent  of 
all  women  could  nurse  their  children.  I  have  already  adverted  to  the 
German  city  of  Barmen,  where  63  per  cent  of  all  infants  are  fed  at 
the  breast.  Professor  Budin's  ''  statistics  of  the  Clinique  Tarnier  in 
Paris  show  that  448  out  of  5,57  women  who  attended  were  able  to 
nurse  their  children.  The  importance  of  maternal  nursing  is  well 
recognized  in  France,  both  by  the  Government  and  by  commercial  in- 
terests. The  effect  of  this  encouragement  upon  public  sentiment  has 
been  marked,  and  in  some  of  the  industrial  districts  of  France  where 
formerly  the  artificial  feeding  of  infants  was  the  rule  it  has  now 
become  the  exception. 

In  most  of  the  factories  of  that  country  employing  women,  notices 
are  conspicuously  posted  setting  forth  the  advantages  of  maternal 
nursing.  In  many  of  these  establishments  rooms  are  set  apart 
wherein  mothers  nurse  their  childi'en,  and  they  can  always  obtaiii 
leave  of  absence  at  approi^riate  intervals  for  the  purpose  of  suckling 
their  infants. 

In  Italy  a  law  has  been  passed  compelling  each  industrial  establish- 
ment employing  50  or  more  women  to  furnish  rooms  for  this  purpose. 

Causes  preventive  of  matei'nnl  nursing. — Three  causes  are  mainly 
operative  in  depriving  infants  of  their  right  to  the  breast.  First, 
physical  inability  on  the  mother's  part  to  nui'se  her  child;  second, 
inability  on  her  part  by  reason  of  her  engagement  in  some  industrial 
pursuit;  and  third,  disinclination,  chiefly  by  reason  of  the  ti'ouble 
maternal  nursing  involves  and  the  divorce  it  necessarily  entails  from 
so(!ial  pleasures  and  pursuits. 

Yon  Bunge  has  shown  that  a])art  from  local  and  systemic  disease, 
alcoholism  seems  to  be  the  chief  cause,  in  any  country  as  a  whole, 
which  renders  mothers  as  a  class  unable  to  nurse  their  children.    The 


"  Von  Rungp.  Die  mmehiuencle  TJnfahigkeit  der  Franen  ihrer  Kinder  zu  stillen. 
''  Hudin  "  The  Nunsling." 
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iLiiiditors  of  the  third  p-pn(>rati()ii  of  alcoholics  are  usually  unable  to 
-iirkle  their  young. 

I'lie  second  condition  referred  to,  i.  e.,  the  engagement  of  the 
III!  t her  in  some  industrial  pursuit,  depends  in  a  great  measure  upon 
ill''  willingness  of  husbands  to  accept  the  earnings  of  their  wives  at 
Uii'  expense  of  their  children,  or  upon  their  failure  to  provide  for 
them.  This  forces  the  mother  to  work  for  her  bread  while  her  child 
is  turned  over  to  the  tender  mercies  of  some  stranger  and  the  milk 
bottle. 

Much  can  be  done  b}^  general  popular  enlightenment  to  eliminate 
the  third  cause,  namely,  the  disinclination  of  mothers  to  nurse  their 
children.  It  is  hardly  to  be  supposed  that  any  woman  will  refuse  to 
nurse  her  baby  from  purely  selfish  considerations,  once  she  is  fully 
informed  of  the  enormous  advantages  it  confers  upon  her  child.  It 
is  obviously  the  duty  of  the  medical  profession  to  further  this  end 
by  every  means  at  their  command. 

In  view  of  the  foregoing,  every  mother  should  nurse  lier  child  un- 
less there  are  cogent  reasons  to  the  contrary.  The  following  causes 
may  be  mentioned  as  contraindicating  maternal  nursing: 

(1)  Tuberculosis,  latent  or  active,  atfecting  the  mother.  By  nurs- 
ing the  child  she  can  but  accelerate  the  progress  of  the  disease,  besides 
exposing  the  child  to  the  danger  of  contracting  it. 

(2)  A\1ien  the  mother  is  ailected  by  grave,  chronic,  or  systemic 
disease. 

(3)  Wlien  the  mother  is  choreic  or  ei^ileptic. 

(■i)  If  she  has  suli'ered  from  any  severe  complication  of  the  partu- 
rient state,  such  as  hemorrhage,  eclampsia,  nephritis,  puerperal  septi- 
caemia, and  the  like. 

(5)   Local  disease  of  the  mammary  gland. 

(G)  When  as  the  result  of  two  previous  experiences  under  favor- 
able conditions  she  has  shown  her  inability  to  nurse  her  child  (Holt). 

(7)   When  no  milk  is  secreted. 

Care  of  the  hreastx  during  lactation. — In  order  to  prevent  local  af- 
fections, lK)th  of  the  mannnary  gland  and  the  infant's  mouth,  it  is 
highly  important  that  particular  attention  should  be  paid  to  cleanli- 
ness. The  ni])ples  and  breasts  should,  therefore,  be  cai-efully  washed 
prior  and  subse(]uent  to  nursing,  either  with  plain  water  or  boric-acid 
solution. 

N tirsuKj  (hir'niy  childbed. — A  newborn  child  should  be  nursed  once 
in  six  hours  the  day  following  delivery  and  once  in  fo\ir  hours  the 
succeeding  day.  This  is  necessary  (1)  to  accustom  the  child  to  take 
and  the  mother  to  give  the  breast,  (2)  to  empty  the  breasts  of  colos- 
liiini,  (3)  to  ])romote  the  involution  of  the  uterus. 

The  colostrum  furnishes  the  child  with  all  the  calories  necessary 
to  its  needs  until  the  lacteal  flow  is  established,  nor  docs  it  need  any 
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othci'  food.  The  nsnal  practice  of  feedinji  a  newborn  child  with  de- 
coctions of  varions  sorts  with  the  object  of  alieviatiiif;  the  colic  sup- 
posedly indicated  by  its  (;ries  is  absolutely  to  be  j)r(>hibited.  The  cry- 
ing promotes  the  full  expansion  of  the  lungs  and  the  establishment  of 
normal  circulation.  Plain  boiled  water,  however,  may  be  freely 
given,  as  the  body  fluids  of  the  newborn  arc  in  a  concentrated  state. 
Regular  hahitu  of  nursing. — Much  more  is  dependent  upon  the 
early  establishment  of  regular  nui'sing  habits  than  is  sup])osed. 
They  are  as  easy  to  initiate  as  the  irregular,  and  i)y  so  doing  much  of 
the  strain  of  lactation  upon  the  mother  can  be  eliminated.  This  is 
highly  desirable  in  view  of  the  beneficial  elfect  a  calm  and  equable 
state  of  mind  and  adetjuate  time  for  rest  nud  sleep  have  upon  the 
lacteal  secretion.  .Moicover,  the  milk  is  more  likely  to  be  of  a  uni- 
form character  throughout  lactation  when  the  breasts  are  drawn 
upon  at  intervals  definitely  spaced.  A  young  infant  can  usually 
.  be  ex[)ected  to  take  a  long  nap  of  some  four  or  five  liours  during 
some  pei-iod  of  the  twenty-four,  and  it  is  just  as  easy  to  have  this 
secured  at  night.  In  oi'der  to  promote  the  uniformity  of  lacteal  secre- 
tion necessary  to  regular  growth,  the  intervals  Iwtween  nursing 
should  not  be  too  short.  Nor,  on  the  other  hand,  in  the  earlier 
months  at  least,  should  they  be  too  long.  In  the  first  instance,  the 
milk  is  apt  to  be  too  rich  and  concentrated  (Rotch),  thus  causing 
overfeeding,  anxl  in  the  second,  it  is  apt  to  be  deficient  in  nutritive 
elements.  Iluelmer  is  of  the  opinion  that  the  munber  of  nursings  in 
the  twenty-four  hours  usually  advocated  is  too  great,  and  a  less  num- 
ber is  jji'oductive  of  bett(M-  results.  In  this  view  he  is  confirmed  by 
Czerny,  Keller,  and  others. 

The   following  schedule  scenis  t"    rullill   the  b(>st    practice  in   this 
(lii-ection : 


Number  of 
nursings 
in  24  hours. 

Interval 

during 

day. 

i 

6 

6 

4 

8 

24 

7 

3 

6 

a 

ii 

4 

First  day 

SecoiKl  day 

Tliird  to  twunty-ciglitli  day 
I'^onrtli  to  tliirteentli  wepic  . 

Tliiril  tolitUi  nionlli 

I'lftli  to  twelttli  raonlli 


It  may  not  always  be  possible  to  carry  this  schedule  into  effect,  bni 
eVery  effort  shoiihl  be  made  to  do  so.  In  the  majority  of  cases,  how 
ever,  no  difliculty  will  be  experienced,  provided  the  child  be  always 
awakened,  if  necessary,  when  the  time  comes  to  put  it  to  tlie  bi'easl. 
Heguliirity  in  nursing  interv.als  is  of  gi-eat  assistance  to  tlie  motlicr 
in  i>ro\iding  for  hci-  ade(|uale  ii'cupei'alion,  aiui  the  unbroken  slec|i 
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at  night  permits  her  to  continue  hictation  loiifr  after  the  time  she 
would  otherwise  have  to  abandon  it. 

Mode  of  giving  the  child  the  breast. — It  is  surprising  to  note  the 
ignorance  of  some  mothers  even  in  such  essential  details  as  this.  It 
is,  therefore,  necessary  to  see  that  the  breast  is  properly  presented  to 
the  child.  The  child  should  be  held  in  such  a  jJosition  that  it  can 
seize  squarely  upon  the  nipple,  which  should  not  be  presented  ob- 
liquely to  it.  It  is  important  to  avoid  pressing  the  child's  nose  into 
the  breast,  in  order  to  allow  it  free  respiration. 

Signs  of  successful  breast  feeding. — The  child  who  is  receiving 
adequate  nourishment  from  the  breast  jierforms  all  its  functions  with 
the  optimum  of  regularity.  Its  sleeji  is  peaceful,  its  appetite  is  keen, 
and  it  presents  a  general  appearance  of  contentment  and  bien  etre. 
The  bowel  movements  are  free,  and  consist  of  two  or  three  golden, 
smooth,  salve-like  discharges  a  day.  The  urine  is  odorless,  limpid 
and  adequate  in  amount.  The  body  tissues  are  firm  and  elastic,  and 
their  outlines  plump  and  rounded.  Most  important  of  all,  the  child 
gains  steadily  and  constantly  in  weight.  If  an  infant  cease  to  gain 
in  weight  something  is  always  wrong.  On  the  other  hand,  sudden 
and  abnormal  gains  in  weight  point  to  excessive  overfeeding,  and  re- 
quire a  reduction  of  the  nourishment  in  amount. 

After  the  initial  loss  following  birth  has  been  regained,  the  average 
healthy  child  increases  in  weight  during  the  first  three  months  from 
120  to  150  grams  (4  to  5  ounce,s)  everj'  week  and  from  the  third  to  the 
sixth  month  from  100  to  120  grams  (3}  to  4  ounces).  The  effect  of 
these  increases  is  to  double  the  initial  weight  at  six  months,  and  to 
treble  it  at  the  close  of  the  first  year.  Large  children  gain  absolutely 
but  not  relatively  greater  weekly  amounts  than  the  small.  This  rate 
of  gain  may  be  considerably  increased  within  physiological  limits, 
the  main  indication  of  abnormality  being  a  wide  departure  from  a 
rate  of  gain  previously  observed.  To  this  end  infants  should  be 
regidarly  weighed  on  sets  of  scales  sensitive  to  15  grams  '(|  ounce). 
A  careful  record  of  the  weight  should  be  kept. 

Signs  of  inadequate  nursing. — The  early  detection  and  diagnosis 
of  abnormalities  in  the  quality  and  quantity  of  tlie  milk  furnisiied 
by  the  mother  is  imjjerative;  foi-,  unless  corrected,  they  are  fraught 
with  danger  to  the  ciiikl.  While  nothing  can  take  the  place  of  good 
natural  nursing,  and  while  poor  artificial  feeding  is  the  very  worst 
method  of  infant  nutrition  we  have,  poor  maternal  nursing  is  an 
inferior  alternative  to  good  artificial  feeding.  We  should,  there- 
fore, endeavor  to  discover  the  difliculty  as  soon  as  possible  in  order 
that  hasty  weaning  of  the  (;hild  should  not  take  place  when  the 
symptoms  are  unconnected  with  the  food,  or  the  indigestion  from 
which  it  is  sufl'ering  is  due  to  causes  temporary  or  remediable.  On 
the  other  hand  it  is  obvious  that,  if  from  every  symptom  maternal 
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nursing  is  going  to  fail,  it  should  not  be  allowed  to  continue  boranse 
the  mother  desires  it  from  mistaken  notions  of  her  duty  to  the  child. 

Inadequate  nursing,  insufficiency. — During  the  first  few  days  of 
life  the  temperature  of  the  child  furnishes  a  very  important  indica- 
tion, not  so  much  of  the  nourishment  as  of  the  amount  of  fluid  it  is 
receiving.  Yevy  few  children  who  are  receiving  a  sufficient  quantity 
of  fluid  from  the  breast  during  the  first  few  days  of  life  ^jresent  ab- 
normalities in   the  temi^erature. 

Fever  of  inanition. — Many  of  those  who  get  little  or  nothing  dur- 
ing this  time  have  an  elevation  of  temperature  of  38.4°  to  39.1°  C. 
(101°  to  102°  F.),  while  in  exceptional  cases  the  temperature  rises  to 
40°  or  even  41°  C.  If  no  other  obvious  symptoms  of  disease  are 
present,  such  a  temperature  observed  on  the  second  to  the  fourth  day 
may  be  considered  evidence  of  insufficient  ingestion  of  fluid  or  even 
of  starvation.  Sujiplying  the  needs  of  the  infant  in  this  i-espect 
rajoidly  causes  a  disappearance  of  the  fever. 

If  the  milk  of  the  mother's  breast  be  insufficient  to  supply  a  greater 
energ;V'  quotient  than  70,  the  child  ceases  to  gain  in  weight;  if  below 
this,  a  loss  ensues.  The  child  is  fretful  and  seems  always  hungry,  as 
indicated  by  continuous  sucking  of  the  fingers  and  remaining  a  long 
time  (forty  or  fifty  minutes)  at  the  breast.  If  it  stops  then,  it  is 
rather  from  exhaustion  than  because  it  is  satisfied.  If  the  insuffi- 
ciency of  food  has  been  very  great  from  the  outset,  it  may  lie  in  a 
renuirkable  condition  of  apathy  (Budin),  sleeping  most  of  the  time. 
AVeighing  the  child  before  and  after  nm-sing  shows  that  it  gets  very 
little.  The  mother's  breasts  ai-e  not  full  and  tense  at  nursing  time, 
as  they  should  be,  and  during  the  intervals  of  feeding  but  little  milk 
is  i)resent  in  them.  The  child's  discharges,  both  fecal  and  urinary, 
are  very  small,  and,  most  important,  there  is  a  steady  loss  in  weight. 

Inadequacy  of  maternal  nursing  {overfeeding). — This  is  not  so  fre- 
quently seen  in  children  at  the  breast  as  in  those  artificially  fed.  It  is 
mainly  observed  in  the  case  of  strong,  full-blooded  mothers  or  wet 
nurses,  whose  milk  from  rich  food  and  insufficient  exercise  is  highly 
charged  with  fat.  Overfeeding  is  briefly  characterized  by  the  fol- 
h)wiug  sysmptoms,  the  cause  of  which  will  be  discussed  in  another 
connection:  They  are  irritability,  restlessness,  and  broken  sleep,  fol- 
lowed by  constipatiou  with  gray,  dry  stools.  The  urine  is  odorous 
and  stains  the  diaper.  A  continuance  of  the  cause  finally  induces 
severe  gastro-intestinal  symptoms;  vomiting  and  diarrhea  are  present, 
with  dischaj-ges  containing  curdy  masses  of  fatty  soaps.  The  gain  in 
weight  diminishes,  ceases,  or  a  loss  is  manifest. 

Value  of  the  examination  of  the  breast  milk  ivhen  the  infant  is  not 
'■-doing  well.'''' — In  many  cases  when  the  child  is  not  thriving  an  ex- 
amination of  the  breast  milk  may  give  valuable  information.  I  have 
given  elsewhere  clinical  methods  by  which  an  approximate  idea  of 
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its  qualities  may  be  obtained.  The  result  of  the  milk  examination 
usually  discloses  (1)  that  it  is  too  rich  in  quality  and  unusually  alnm- 
dant  in  quantity;  (2)  that  it  is  scanty  and  poor  in  quality;  (3)  that  it 
is  abundant,  but  poor  in  quality. 

Over-nch  milk. — I  have  already  adverted  to  this  condition  and 
the  gastro-intestinal  disturbances  it  may  induce.  Clinically,  over- 
ru'h  milk  is  indicated  by  a  high  specific  gravity  (1.032  to  1.036), 
coml)ined  with  a  high  percentage  of  fat.  The  child  should  not  be 
weaned,  but  the  quality  of  the  milk  regulated  by  less  frequent  nurs- 
ings, a  simple  diet,  and  exercise  in  the  open  air  to  the  point  of  mod- 
erate fatigue.  As  the  symptoms  in  the  child  are  caused  by  the  con- 
tinuous ingestion  of  a  food  far  superior  in  caloric  value  to  his 
nutritive  needs,  the  diminished  frequency  of  the  nursings  not  only 
enables  it  successfully  to  rid  itself  of  the  excess  of  nutrient  elements 
ingested,  but  also  tends  to  diminish  the  richness  of  milk  secreted. 

Scanty  milk  of  a  poor  quality. — This  condition  is  most  frequently 
manifest  in  delicate  and  anasniic  mothers.  The  amount  present  in 
the  breast  may  be  so  small  that  the  small  quantity  of  milk  necessary 
to  make  the  examination  is  secured  with  difficulty.  The  clinical 
characteristics  of  this  milk  are  low  specific  gravity  (1.02-1  to  1.027) 
and  cream  only  2  to  4  per  cent.  In  such  cases  the  quality  of  the 
milk  is  so  poor  and  the  quantity  so  small  that  it  is  manifestly  im- 
possible to  nourish  the  child  by  it. 

In  other  instances  the  variation  from  the  normal  is  not  so  great; 
i.  c.,  specific  gi-avity  1.028  to  1.030,  cream  4  per  cent,  with  fairly 
abundant  quantity.  In  such  cases  we  may  hope  to  improve  the 
quality  of  the  milk  by  appropriate  measures.  These  are  adequate 
rest  for  the  mother  at  night,  fresh  air,  nourishing  food,  and  gentle 
exercise.  The  ana?mia  usually  present  may  be  improved  by  malt 
extracts  and  preparations  of  iron.  If  this  condition  is  dcqKMHlcnt 
uj^ion  conditions  incidental  to  the  lying-in  period,  the  outlook  is 
usually  good.  If.  on  the  other  hand,  it  is  the  result  of  constitu- 
tional debility  or  neurotic  diathesis,  improvement  may  only  Ik-  tem- 
porary, necessitating  the  weaning  of  the  child,  not  oidy  in  its  own 
interests,  but  those  of  the  inother  as  well. 

Ahiindant  milk  of  poor  quality. — This  condition  is  sometimes  seen 
in  ana-mic  subjects  who  have  been  taking  large  quantities  of  nuilt  or 
alcoholic  beverages  in  the  hope  of  imjiroving  their  milk  su))j)ly.  In 
such  cases  the  (|uanlity  may  be  so  abuntlanl  that  the  breasts  are  ))ain- 
fully  full  at  nursing  times  and  between  them  may  flow  away  sjionta- 
neously.  Clinical  examination  shows  low  specific  gravity  and  very 
low  fat. 

Owing  to  (he  gi'ade  of  Iiydrcniia  accompanying  these  conditions, 
very  little  iui])rovenieiit  can  be  expected  to  ensue  from  ti-eulinenl,  and 
nursing  should  be  discontinued. 
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Wet  nvrdng. — The  milk  of  another  healthy  woman  is  the  best  sub- 
stitute for  maternal  nursing  when  the  mother's  supply  has  failed. 
Expense  and  the  difficulty  of  obtaining  a  good  wet  nurse  in  this 
countrj'  are  countervailing  circumstances.  The  wet  nurse  should  be 
a  perfectly  healthy  woman  free  from  syphilis  or  tuberculosis.  A 
careful  physical  examination  should  be  made  to  ascertain  these  points. 
Her  breasts  should  be  well  developed  and  at  nursing  time  be  tense  and 
full.  A  good  amount  of  glandular  tissue  should  be  pi'esent  in  the 
breast  and  pains  taken  to  be  assured  of  that  point.  The  nipple 
should  be  of  normal  development  and  free  from  cracks  or  fissures. 
Her  blood  should  be  rich,  as  it  is  impossible  for  an  anaemic  woman  to 
give  good  milk. 

Contrary  to  what  is  usually  supposed,  it  is  by  no  means  necessary 
that  her  milk  should  corresjaond  in  age  to  that  of  the  child.  She 
should,  however,  have  been  a  nursing  mother  long  enough  to  be  able 
to  demonstrate  by  the  condition  of  her  child  that  she  has  plenty  of 
good,  nutritious  milk.  To  this  end  her  child  should  always  be  in- 
.spected  before  her  acceptance.  AVlien  accepted  she  should  be  given 
a  fair  chance  to  adjust  herself  to  her  novel  surroundings  before  decid- 
ing her  incompetent  as  a  nurse,  as  these  conditions  may,  at  first, 
notably  affect  her  supply  of  milk. 

Weaninff. — The  time  at  which  weaning  shotdd  take  place  is  sub- 
ject to  considerable  variations.  With  an  abundant  supply,  nursing 
may  usually  be  continued  to  advantage  during  nine  or  ten  months  of 
the  first  year.  Some  mothers  are  able  to  extend  this  period  through 
the  twelfth  month.  After  that  time  breast  feeding  is  seldom  advis- 
al)le.  As  a  usual  thing,  the  ninth  month  marks  the  time  when  the 
breast  must  be  supplemented  by  other  food. 

Mcihod  of  ireanhiff. — Weaning  should  be  gradiuilly  done,  both  in 
the  interests  of  the  mother  and  the  child.  Much  of  the  difficulty  at- 
tending the  gradual  weaning  of  infants  may  be  eliminated  by  accus- 
toming the  child  to  take  a  bottle  from  the  outset.  This  may  be  ac- 
complished by  feeding  it  boiled  water  from  a  bottle  from  the  begin- 
ning. In  the  absence  of  such  measures  the  experience  is  too  frequent 
(hat  the  child  refuses  all  other  food  as  long  as  it  has  access  to  the 
breast,  and  nothing  short  of  actual  starxation  will  induce  it  to  accept 
either  the  bottle  or  the  spoon. 

Weaning  during  the  hot  mouths  should  be  postponed  if  |)ossible; 
but  the  harm  thus  done  is  not  usually  so  great  as  the  continuance  of 
the  child  on  an  inadequate  breast  milk. 

Indicatiom  for  midden  weaning. — Sudik-n  weaning  may  be  neces- 
sary at  any  time  on  account  of  the  development  in  tlie  mother  of  se- 
vere acute  disease,  such  as  typhoid  fever  or  jjueumonia ;  of  grave 
systemic  disorders,  as  tubercidosis  or  nejihritis;  from  the  intercur- 
rcnci'  of  pregnancy  or  of  disease  of  the  mammary  gland.    Minor  ill- 
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iii'^sos  or  acute  sickness  of  short  duration  are  not  indications  for 
wcining,  though  if  the  attack  be  severe  the  infant  may  be  placed 
i>  iiiporarily  on  the  bottle,  and  the  flow  of  milk  maintained  by  the 
lirciist  pump.  Upon  the  establishment  of  convalescence,  the  infant 
i-  returned  to  the  breast. 

Mixed  feeding. — This  is  a  combination  of  breast  and  artificial  feed- 
ing. It  is  useful  when  the  mother's  milk  is  good  but  somewhat  defi- 
cient in  quantity.  It  may  also  be  adojjted  when  it  is  evident  that  the 
strain  of  maternal  nursing  is  making  inroads  on  the  mother's  reserve 
of  health.  She  may  then  be  relieved  to  the  extent  of  one  or  two 
nursings  a  day,  and  thus  considerably  prolong  the  period  of  her  lac- 
tation. Mixed  feeding  is  also  useful  as  an  expedient  to  bridge  over 
temjjorary  insufficiency  in  the  mother's  supply  of  milk.  It  is  not 
expedient,  however,  to  reduce  the  maternal  nursings  by  three  or  more 
a  day,  lest  the  mother  suffer  a  serious  deterioration  in  the  quality  of 
her  milk. 

ARTIFICIAL    FEEDING. 

In  considering  the  artificial  feeding  of  infants,  there  are  several 
general  principles  which  have  i-eceived  universal  acceptance: 

First.  That  as  mother's  milk  is  an  ideal  food,  supplying  the  infant 
with  proteid,  fat,  and  carbohydrate  in  proportions  adapted  to  its 
needs,  the  only  logical  substitute  is  a  food  that  will  do  the  same. 

Second.  The  substitute  should  ai^proximate  mother's  milk  (<i)  in 
the  energy  quotient  that  it  furnishes,  (h)  in  pro.ximate  ])rinci|)les, 
and  (c)  in  the  amounts  necessary  to  maintain  nutrition. 

Third.  These  conditions  are  secured  only  by  some  animal  milk. 

While  infants  have  l)een  sucessfully  fed  on  the  milk  of  other  do- 
mestic animals,  such  as  the  goat,  the  horse,  and  the  ass,  cow's  milk  is 
the  only  substitute  commercially  and  practically  available  in  this 
country  as  a  food  for  llie  artificial  feivling  of  infants  less  than  I  year 
of  age. 

(J om.panHon  of  co%n''H  mMk  and  woman's  milk. — In  order  to  j)roceed 
with  intelligence  it  is  necessary  to  compare  the  average  com|)osition 
of  woman's  milk  with  cow's  milk.  The  following  fabler  shows  (Ik; 
difference  between  theii-  average  composition: 
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Cow's  milk  is  more  opaiiue  thiin  woman's  milk,  ivUhouj^li  womanV 
milk  may  contain  a  greater  percentage  of  fat.  This  is  due  to  the 
greater  content  of  calcium  salts  in  cow's  milk  by  reason  of  its  greater 
proportion  of  casein. 

In  reaction  cow's  milk,  tliough  slightly  alkaline  or  amphoteric 
when  freshly  drawn,  suon  becomes  somewhat  acid,  while  woman's 
milk  is  amphoteric  or  alkaline. 

As  there  is  very  little  ditference  in  total  solids  between  the  two, 
their  specific  gravity  is  about  the  same. 

The  sugar  of  cow's  milk  and  woman's  milk  is  lactose  in  complete 
solution.  They  differ,  however,  in  quantity,  as  woman's  milk  con- 
tains 6  to  7  per  cent,  while  cow's  milk  has  usually  4.5  per  cent.  The 
greater  part  of  the  fat  in  cow's  milk  is  neutral  fat,  as  in  Avoman's 
milk;  but  cow's  milk  contains  far  greater  quantities  of  the  volatile 
rfatty  acids,  of  which  there  are  but  traces  in  woman's  milk.  It  is 
in  the  proteids  that  the  chief  difference  between  cow's  milk  and 
woman's  milk  is  manifest.  Cow's  milk  has  on  the  average  3.50  per 
cent  of  proteid  to  1.50  per  cent  in  woman's  milk.  The  reason  for  this 
difference  is  obvious.  As  all  growth  is  dependent  upon  proteid  ma- 
terial, and  animals  are  unable  to  build  up  proteids  within  themselves 
from  the  nonnitrogeiious  portions  of  their  diet,  they  are  dependent 
for  their  supjaly  upon  the  ingestion  of  proteid  in  their  food.  As  the 
ratio  of  growth  of  the  calf  compared  to  the  infant  is  about  as  2  is  to  1. 
it  follows  that  the  calf  requires  relatively  twice  as  much  proteid  as 
does  the  infant.  Moreover,  owing  to  differences  in  their  respective 
digestive  tracts,  the  proteid  in  cow's  milk  is  of  a  different  composition 
from  that  of  woman's  milk.  In  the  liuman  being  the  stomach  forms 
20  per  cent  of  the  intestinal  tube  and  digestion  is  chiefly  intestinal. 
In  the  cow  the  stomach  forms  70  per  cent  of  the  digestive  tract  and 
digestion  is  chiefly  gastric.  Under  the  action  of  the  active  rennet 
ferment  present  in  the  stomach  of  the  calf,  cow's  milk  forms  a  large 
curd  which  remains  in  the  calf's  stomach  until  digestion  is  complete. 
In  the  infant  the  soft,  flocculent  curd  of  mother's  milk  is  adapted 
to  easy  (I'ansit  fi'om  the  stomach  to  the  duodenum,  and  it  is  alto- 
gether likely  that  a  portion  of  the  milk  ingested  does  so  pass  out 
before  the  nursing  is  finished. 

In  view  of  the  foregoing,  as  casein  is  (he  curding  jirotcid  in  milks, 
we  should  expect  lo  find,  as  is  actually  the  case,  that  the  proteid  of 
cow's  milk  is  richer  in  casein  than  the  protoid  of  human  milk.  Koonig 
gives  the  following  comijosition  of  the  [jroteids  in  cow's  milk  and 
human  milk : 
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I^  cent. 

Human  milk 1.26 

Cow's  milk. 

The  proteid  of  cow's  milk  when  coaguhited  by  I'ennet  in  the  test- 
tube  gives  a  firm,  tough,  contractile  curd.  Heubner,  however,  has 
shown  that  we  can  by  no  means  infer  that  this  is  the  action  in  the 
human  stomach;  foi',  if  rennet  is  added  to  cow's  milk  in  a  test  tube, 
the  tube  subsequently  corked,  and  then  slowly  turned  over  end  for 
end  to  imitate  the  movements  of  ])eristalsis,  the  resulting  curd  is 
ever}'  bit  as  fine  as  the  curd  of  human  milk.  This  statement  Heubner 
confirmed  by  withdrawing  cow's  milk  shortly  after  ingestion  by 
infants  with  a  stomach  tube. 

This  brings  us  to  the  consideration  of  a  fact  due  to  the  researches 
of  Henl)ner,  Keller,  and  Czerny,  which  tends  to  revolutionize  all 
our  preconceived  notions  on  this  side  of  the  Atlantic  at  least  as  to  the 
digestibility  of  cow's  milk  proteid.  For  many  years  it  has  been  held 
that  the  jiroteids  of  cow's  milk  are  very  difficult  of  digestion.  To 
overcome  this  supposed  difficulty  very  many  devices  have  been  advo- 
cated. Thus  various  alkalies  and  diluents  have  been  applied,  the 
percentage  of  proteids  has  by  modification  been  attenuated  almost  to 
the  vanishing  point,  sjilit  proteids  have  been  advocated,  a  jiortion  of 
the  casein  being  replaced  by  whey  ^jroteid — in  short,  almost  every 
conceivable  device  that  ingenuity  could  suggest. 

This  would  be  highly  commendable  w^ere  cow's  milk  proteid  really 
so  difficult  of  digestion  by  the  human  infant.  The  researches  of  the 
investigators  just  adverted  to  have  shown  this  important  fact,  viz, 
that  cow's  milk  proteid  is  almost  as  easily  digestible  per  se  by  infants 
as  are  the  proteids  of  woman's  milk.  In  this  country  Brennemann 
and  Walls"  have  confimed  this  view.  On  the  other  hand,  Czerny 
and  Keller  have  shown  that  the  clement  in  cow's  milk  which  causes 
digestive  disturbance  is  the  fat  and  not  the  proteid.  They  have  given 
us  a  very  precise  and  definite  clinical  picture  of  these  disturbances, 
a  pictin-e  perfectly  familiar  to  all  wiio  have  dealt  much  with  the 
artificial  feeding  of  infants,  but  which  has  been  ascribed  heretofore 
ill  lliis  country  to  difficult  proteid  digestion. 

Let  us  then  examine  the  basis  for  this  belief  which  has  hitherto 
beeu  I'egarded  as  a  fundamental  fact  ever  to  be  considered  in  the 
])ercentage  system  of  the  modification  of  cow's  milk.  It  has  been 
bused  for  the  most  part  on  these  facts:  First,  that  in  the  stools  fol- 
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lowing  gastro-intestinal  disturbances  in  infants  a  large  number  of 
apparent  curds  are  mingled  with  tlie  fecal  disciiarge.  They  look 
like  curds  and  have  been  taken  for  curds  without  furtlier  investiga- 
tion. Czerny  has  shown  that  they  consist  for  the  most  part  of  saponi- 
fied fat,  neutral  fat,  and  fatty  acids,  interspersed  in  severe  cases  with 
clumps  of  l)acteria. 

If  infants  are  fed  on  fat-free  cow's  milk,  although  the  milk  be 
undiluted  and  containing  3.50  per  cent  of  bovine  proteid,  no  trace 
of  casein  appears  microscopically  in  the  stools,  yet  Chajjin  tells  us 
it  is  rare  to  find  an  infant  10  months  of  age  who  will  digest  more 
than  1.50  to  2  jjer  cent  of  cow's  milk  proteid. 

In  this  country,  the  digestibility  of  cow's  milk  proteid  has  been 
confirmed  by  Walls"  after  a  series  of  hundreds  of  observations.  Now 
Czerny  has  shown  that  the  persistent  ingestion  in  a  child  of  a  diet 
with  an  energy  quotient  surpassing  100  calories  per  kilogram  of  body 
'  weight  is  invariably  followed  sooner  or  later  by  nutritional  disturb- 
ances. Owing  to  the  fact  that  infants  receive  for  the  most  part 
nothing  but  milk,  and  that  the  percentage  of  sugar  and  proteid  in 
milk  is  pretty  nearly  constant,  it  follows  by  reason  of  the  high  caloric 
value  of  the  fat  (9.3  calories)  that  a  high  energy',  quotient  implies 
an  excess  of  fat.  It  is  impossible,  by  mere  inadvertence,  with  carbo- 
h3'drate  or  proteid  alone  to  get  an  energy  quotient  of  a  dangerous 
height  without  producing  a  food  which  either  from  its  state  of  con- 
centration or  by  reason  of  its  bulk  would  be  obviously  unfit  to  feed 
to  any  infant.  On  the  other  hand,  slight  increases  of  1  or  2  per  cent 
in  the  fat  content  of  a  food  may  have  the  effect  of  raising  its  caloric 
value  to  a  dangerous  extent. 

The  action  of  an  excess  of  fat  in  causing  nutritional  disturbances 
in  infants  ojjerates  in  two  ways;  first,  by  reason  of  its  action  on  the 
alkaline  bases  of  the  body,  and  second,  by  its  influence  on  gastric 
digestion. 

Action  of  excess  of  fat  on  alkaline  hoses  of  body. — According  to 
Czerny  and  Keller,  the  deleterious  influence  of  an  excess  of  fat  in  the 
diet  is  usually  operative  by  reason  of  the  abstraction  such  excess 
entails  on  the  alkaline  bases  of  the  organism  for  the  purposes  of  its 
saponification  in  the  intestinal  tract.  It  is  evident  that,  owing  to  its 
high  caloric  efficiency  and  the  greater  difficulty  of  its  oxidation  as 
compared  both  with  proteid  and  carbohydrate,  the  general  capacity 
of  (he  organism  for  the  absorption  of  fat  is  strictly  confined  within 
narrow  limits.  Whereas  an  excess  of  proteids  and  carbohydrates  is 
disposed  of  rather  easily  by  the  process  of  metabolism,  with  fats  such 
is  not  the  case.  An  excess  of  fatty  food  is  not  absorbed,  but  remains 
in  the  intestine  and  is  there  saponified.    This  is  not  due  so  much  to 
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illDrts  of  the  organism  to  get  rid  of  the  fat  in  this  way  as  to  the 
ii.idiral  tendency  of  fat  to  undergo  this  action  when  exposed  to  the 
action  of  alkaline  fluids  such  as  the  intestinal  secretions.  In  this 
\\  ay  an  excessive  abstraction  of  the  alkaline  bases  of  the  body  takes 
;)iace,  which  are  in  turn  supplied  to  the  body,  in  milk  at  least,  in 
i|iiantities  merely  sufficient  for  a  normal  diet.  The  income,  then,  of 
those  bases  becomes  less  than  the  outgo,  and  a  pathological  condition 
due  to  this  diminution  is  thereby  induced.  Owing  to  the  greater 
energy'  required  in  its  digestion,  the  tendency  of  cow's  milk  is  to 
remain  longer  in  the  intestinal  tract.  This  gives  gi'eater  opportu- 
nity for  any  excess  of  fat  present  to  rob  the  body  of  alkaline  bases  by 
virtue  of  its  saponification.  As  a  consequence  of  the  generab richness 
of  cow's  milk  in  this  coimtry,  such  danger  of  excess  of  fat  must 
always  be  present  when  the  milk  used  as  an  article  of  infant  food 
is  not  controlled  in  this  respect.  It  would  seem  that  a  milk  which 
contains  4  per  cent  of  butter  fat  were  somewhat  too  rich  and  that  a 
fat  content  of  3  to  3.5  per  cent  would  be  nearer  the  mark  to  insure 
success  in  infant  feeding.  The  experience  of  dairymen  tells  us  that 
calves  do  best  on  this;  moreover,  the  production  of  rich  milk  in  cows 
is  not  attended  by  a  corresponding  increase  in  the  salts  present,  as 
rich  milk  is  a  result  of  careful  breeding  for  that  purpose  by  man,  and 
is  not  a  condition  original  to  the  milk  of  the  cow. 

The  second  effect  excessive  fat  has  in  ^jromoting  gastro-intestinal 
disturbances  lies  in  its  behavior  when  casein  is  curded  by  rennet  in  the 
stomach.  It  is  well  known,  among  cheese  makers  at  least,  that  casein, 
Avhen  coagulated  by  rennet,  carries  down  with  it  a  very  large  per 
cent  of  the  butter  fat  present.  This  is  well  shown  in  the  case  of  the 
cream  cheeses,  some  of  which  contain  nearly  six  times  as  much  fat  in 
their  composition  as  casein.  As  the  whey  fi'om  whole  milk  contains 
no  casein  and  less  than  1  per  cent  of  fat,  it  is  obvious  that  the  casein 
when  curded  brought  down  with  it  some  75  i)er  cent  or  more,  accord- 
ing to  the  richness  of  the  milk,  of  all  the  butter  fat  originally  present 
in  the  milk.  Tlie  practical  bearing  this  has  upou  the  digestibility  of 
cow's  milk  i)roteid  is  as  follows:  The  richer  the  milk  in  fat,  the 
greater  percentage  of  fat  will  then  be  in  the  curd  formed  by  the 
gastric  digestion. 

A  very  simple  experiment  will  show  in  what  way  the  digestibility 
of  a  rich  whole  milk  would  thereby  be  ad'ccted.  Place  a  small  por- 
tion of  skimmed  milk  in  a  small  flask  with  a  narrow  neck.  In  an- 
other flask  place  a  similar  portion  of  a  rich  ndlk  containing  say  5 
or  5.25  per  cent  of  fat.  Add  a  small  portion  of  litpiid  rennet  to  each, 
cork,  and  turn  them  slowly  over  and  over  in  orck'i-  to  siuiulate  peri- 
staltic action.  In  the  case  of  the  skinnncd  milk,  as  curding  takes 
place,  we  see  the  formation  of  a  flocculent  curd,  each  i)article  of 
which  remains  separate.     In  the  case  of  the  milk  rich  in  fat,  the  curds 
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are  dense  and  heavy,  and  show  a  remarkable  tendency  to  coalesce  and 
stick  together.  This  is  well  brought  out  by  attempting  to  pour  out 
the  curded  milk  from  each  bottle.  Now,  the  curded  skimmed  milk 
pours  out  very  easily,  and,  on  examination,  the  curds  are  distributed 
throughout  the  whey  in  light  fiocculent  masses,  while  in  the  case  of 
the  milk  rich  in  fat,  pouring  out  will  frequently  b(^  interrupted  !)y 
large  lumpy  curds  sticking  in  the  narrow  neck.  Agitation  of  the  l)ot- 
tle  to  break  them  up  merely  seems  to  increase  their  adhesive  powers, 
each  lump  receiving  further  accretions  from  the  jjarticles  floating  in 
the  neighborhood. 

We  can  easily,  then,  predict  the  events  that  take  place  when  a  milk 
rich  in  fat  is  acted  upon  by  the  gastric  juices  in  the  infant's  stomach. 
In  fact,  this  action  of  fat  in  making  curds,  large  and  indigestible  by 
reason  of  their  excessive  fat  content,  has  long  been  known  to  dairy- 
men, as  they  are  well  aware  of  the  fact  that  Jersey  cows  often  can  not 
'  nurse  their  calves  by  reason  of  the  excessive  richness  of  their  milk. 
And  yet  one  would  never  for  one  moment  suppose,  under  normal  cir- 
cumstances, that  the  casein  of  cow's  milk  is  ever  indigestible  per  se  to 
the  calves  for  which  it  is  intended. 

In  the  case  of  the  human  infant,  if  the  milk  be  too  rich  it  is  vom- 
ited. If  it  is  just  rich  enough  to  produce  a  curd  with  a  fat  content 
greater  than  it  should  have,  peristalsis  is  checked  and  the  stomach 
discharges  its  contents  slowly.  This  retarded  action  in  the  dis- 
charging action  of  the  stomach  is  to  permit  its  gastric  juices  to  act 
uijon  the  casein  in  the  fatty  curds  present.  As  a  result,  the  next  meal 
finds  the  stomach  with  a  residue  from  the  one  previous,  to  which  is 
added  the  increment  just  received.  In  this  manner  the  gastric  con- 
tents become  progressively  richer  both  in  fat  and  proteids.  As  this 
highly  seasoned  mass  is  jioured  out  little  by  little  into  the  duodenum 
and  small  intestine,  it,  in  its  turn,  becomes  encumbered  with  a  food 
the  probk^m  of  whose  digestibility  is  beyond  its  resources.  Gastric 
as  well  as  intestinal  digestion  is  well-nigh  at  a  standstill ;  fermenta- 
tive changes  take  place,  and  then,  in  the  language  of  the  German 
investigators,  the  so-called  "  '  catastrophe  '  ensues." 

This,  of  course,  is  an  extreme  case.  Czerny  has  graphically  delin- 
eated the  symptom  complex  observed  when  the  feeding  of  foods  is 
persisted  in  whose  energy  quotients  surpass  the  normal  limit  of  the 
organism,  especially  when  such  excess  consists  of  fat.  An  infant  that 
has  been  thriving  receives  some  new  addition  to  its  food.  This  may 
cither  be  an  increase  in  the  quantity  or  an  addition  to  the  richness 
of  its  ingredients.  For  a  while  a  remarkable  gain  in  weight  is  ob- 
served. The  infant,  however,  soon  becomes  restless,  its  sleep  is  light 
and  broken.  It  seems  somewhat  nervous  and  becomes  less  active  and 
playful.  At  the  same  time  its  keen  appetite  diminishes  and  it  has  to 
be  coaxed  to  drink  its  food.     Often  2  or  3  ounces  will  be  left  in  tha 
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liottle  or  glass.  The  stools,  hitherto  of  normal  odor,  color,  and  con- 
sistency, become  pale-gray,  hard,  and  dry.  In  fact,  they  are  of  the 
color  and  consistency  of  putty,  and  may  be  rolled  off  the  diaper  with- 
out even  soiling  it.  Their  odor  is  strong  and  suggests  decomposition. 
The  urine  becomes  charged  with  ammonia  salts  and  stains  the  diapers. 
Systemic  effects  are  shown  by  the  pallor  of  the  child ;  the  tissues  lose 
their  firmness  and  solidity,  becoming  flabby  and  relaxed;  the  child 
also  fails  to  gain  in  weight  on  the  same  food  or  a  greater  quantity  of 
the  same  food  which  has  hitherto  produced  a  gain  in  weight.  A 
persistence  in  this  course  of  feeding  not  only  does  not  increase  the 
weight,  but  occasions  a  loss.  Two  results  follow  the  continued  exhi- 
bition of  such  a  diet.  The  body  tissues  waste,  the  belly  distends  with 
gas,  and  we  have  the  atrophic  or  marantic  child,  or  a  gastro-intestinal 
catastrophe  results  with  vomiting,  diarrhea,  fever,  and  prostration, 
accompanied  by  an  inability  to  take  cow's  milk  for  a  i^eriod  often 
extending  into  weeks.  kSuch,  then,  are  the  sj^mptoms  in  the  more  ag- 
gravated cases.  In  those  more  chronic  the  anorexia  and  constipation 
go  hand  in  hand,  the  former  and  the  latter  being  almost  constant. 
Outbreaks  of  eczema  are  common,  from  small  roughened  patches  on 
the  cheeks  to  eruptions  invading  large  areas.  As  the  child  grows 
older  the  symptoms  of  rachitis  are  observed. 

The  firm,  pale-gray  stools  so  characteristic  of  this  condition  are 
comjiosed  largely  of  fatty  soaps  (Seifenstuhlen).  Czerny  and  Keller 
ascribe  the  pathology  of  this  condition  to  the  action  of  fat  in  extract- 
ing the  alkaline  bases  already  alluded  to,  as  shown  by  the  increased 
elimination  of  ammonia  in  the  lu'ine.  They  regard  this  elimination 
of  ammonia  salts  due  to  the  fact  that  the  alkaline  bases  are  so  largely 
drawn  upon  from  the  body  to  saponify  the  excessive  amount  of  fat 
accumulated  above  the  needs  of  the  organism  in  the  intestine,  that  in 
order  to  satisfy  the  normal  acid  products  of  metabolism  the  annnonia 
salts  are  drawn  upon. 

Percentage  system  of  artificial  feeding. — In  this  manner  we  sei-  di- 
vergent points  in  this  view  of  the  whole  question  of  infant  feeding 
as  compared  to  that  in  vogue  on  this  side  of  the  Atlantic.  The  per- 
centage system  of  modification  of  milk  rests  upon  the  following 
premises,  two  of  which  are  certainly  faulty: 

First.  That  a  substitute  for  mother's  milk  nnist  resemble  it  in  the 
relation  and  chemical  composition  of  its  ingredients; 

Second.  That  this  condition  is  fulfilled  only  by  some  milk; 

Third.  That  cow's  millc  is  tiie  only  practical  substitute; 

Fouith.  Tluit  the  chief  difficulty  in  the  use  of  cow's  milk  is  the  in- 
digestibility  of  its  proteid  by  infants:  and,  consequently. 

Fifth.  The  composition  of  cow's  milk  nnist  be  so  altered  by  apjiro- 
priate  manipulation  as  to  i)rovide  lliiise  ivhitive  proportions  of  |)ro- 
111-i— Bull.  50— O'J 10 
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teid,  fat,  and  milk-sngar  which  experience  teaches  us  is  suitable  for 
the  diiferent  ages  of  the  child. 

We  will  now  proceed  to  discuss  wherein  these  jirinciples  are  erro- 
neous. The  error  seems  to  be  embodied  in  principle  4  and  princi- 
ple 5. 

The  fourth  principle,  i.  e.,  that  the  casein  of  cow's  milk  is  indiges- 
tible, has  been  shown  to  rest  uijon  a  misconception.  It  only  helps 
in  a  mechanical  manner  to  produce  indigestion  when  combined  with 
large  quantities  of  fat,  or  is  altered  in  its  digestive  quality  by  fermen- 
tative changes  in  the  milk  at  the  time  of  consumption. 

It  is  the  taking  of  the  assumption  of  the  indigestibility  of  the 
casein  of  cow's  milk  for  granted  that  has  caused  the  rather  numerous 
instances  of  overfeeding  in  the  case  of  American  children.  In  fact, 
under  our  present  system  overfeeding  is  apt  to  be  the  rule  rather  than 
the  exception.  By  reason  of  the  belief  that  the  proteid  of  cow's  milk 
is  the  essential  indigestible  portion  of  its  ingredients,  it  has  been 
reduced,  in  the  milk  modifications  prescribed  by  many  of  our  physi- 
cians, almost  to  the  point  of  extinction  in  certain  individual  cases. 

Realizing,  however,  that  food  offered  t«  a  child  must  contain  cer- 
tain elements  of  energy,  the  place  of  the  proteid  has  been  supplied 
by  the  use  of  fat,  which,  until  in  recent  years,  has  been  regarded 
digestible  by  many  of  our  pediati'ists  and  to  act  in  conjunction  with 
the  carbo-hydrates  as  a  proteid  saver,  besides  promoting  free  action  of 
the  bowels. 

And  yet  what  l)etter  proof  that  fat  is  the  cause  of  constipation  could 
be  adduced  than  by  the  following  circumstance  which  Walls"  has 
observed  in  so  many  instances,  viz,  that  whenever  the  symptoms  of 
fat  intoxication  are  manifest,  as  evinced  by  the  characteristic  stools, 
a  diet  of  fat-free  whole  milk  works  like  a  specific  in  initiating  normal 
intestinal  action. 

The  fifth  principle,  going  hand  in  hand  with  the  fourth,  is  likewise 
erroneous  in  basing  the  composition  of  the  milk  modifications  offered 
on  the  age  alone  of  the  child  who  receives  them  in  so  far  as  the 
weight  of  the  (-hild  and  the  amount  of  the  heat  units  necessary  to 
nourish  it  and  give  it  growth  are  not  taken  into  proper  consideration 
thereby.  Moreover,  only  lately  has  the  principle  been  recognized  that 
food  elements,  if  furnished  even  in  trifling  excess,  instead  of  inuring 
to  the  benefit  of  the  infant,  have  a  way  of  reacting  to  his  detriment. 
The  following  table,  taken  from  a  well-known  text-book  on  pedi- 
atrics, can  be  used  to  further  illustrate  these  points: 

"Loc.  clt, 
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Apprnxiinatc  .schedule  for  iiiilk  modiflcationn  fi>r  various  agca. 


Age. 

Fnt. 

Sugar. 

Proteid. 

Quantity  at  one 
feeding. 

Number 
of  feed- 

Ounces. 

Grams. 

24  hours. 

1.00 
1.00 
1.50 
2.00 
2.50 
3.00 
3.00 
3.50 
3.50 
4.00 
4.0O 
4.00 
4.00 

4.00 
5.00 
5.00 
6.00 
6.00 
6.00 
6.00 
7.00 
7.00 
7.00 
.5.00 
5.00 
4.00 

0.25 
.30 
..50 
.60 
.80 
1.00 
1.25 
1.50 
1.75 
2.00 
3.00 
3.00 
3.  .50 

J-    i 
1  -Is 
1-2 
2-n 
2 -3k 
21-  4 
3-5 
3^54 
4-6 
5-8 
7-9 
7-9 
7  -10 

30-  45 
30-  60 
60-  75 
60-110 
75-125 
90-155 
110-170 
125-185 
155-250 
220-280 
220-280 
220-310 

12-18 

6-10 

10 

10 

Third  week 

10 

Fourth  to  eighth  weelc 

9 
8 

7 

7 

6 

5 

5 

5 

If,  for  example,  we  take  from  this  table  the  foniiula  advised  for 
the  second  week — i.  e.,  fat  2.00,  sugar  6.00,  proteids  O.GO  per  cent — we 
find  such  a  ration  furnishes  a  caloric  value  of  0.457  calories  per  gi"am. 
The  total  amount  administered  is  000  to  750  cubic  centimeters  a  day, 
giving  a  caloric  value  of  274.2  to  342.75  calories  per  diem.  Assuming 
that  a  healthy  average  child  weighs  3,500  grams  at  the  beginning  of 
the  second  week,  the  energy  quotient  required  is  100  calories  per  kilo- 
gram of  body  weight.  It  will  then  require  food  supplying  350  calories 
a  day  properly  to  nourish  it. 

AVe  see,  however,  that  not  only  the  lowest  but  the  highest  ration 
furni.shed  by  this  table  is  less  than  its  actual  requirements.  The 
ration  is  also  very  poor  in  proteid  in  contradistinction  to  mother's 
milk,  which  is  normally  higher  in  proteids  during  the  first  weeks  than 
at  other  periods  of  lactation.  Of  course,  the  theory  for  this  modifi- 
cation is  that  higlier  proteid  would  upset  the  digestion.  This  objec- 
tion can  be  no  longer  regarded  as  valid.  This  is  not,  however,  a  very 
serious  disadvantage  of  this  table.  Under-feeding  never  caused  seri- 
ous ga&tro-enteritis,  and  as  a  consequence  babies  fed  on  this  plan 
usually  jiass  without  digestive  disturbance  through  the  initial  for- 
muhu,  though  they  gain  weight  but  slowly  from  them. 

It  is  when  we  turn  to  the  jiercentages  advised  for  older  infants 
that  the  possibilities  of  danger  are  apparent.  Taking  the  daily  ration 
advocated  for  the  infant  of  G  months,  we  find  that  the  percentages  of 
tills  ration  are  as  follows:  Fat  4.00,  sugar  7.00,  jiroteid  2.00  })er  cent. 
This  gives  a  caloric  value  of  741  calories  per  kilogram,  or  0.741  calo- 
ries per  gram.  T\m  daily  quantity  I'ecommended  varies  from  930  to 
1,500  grams,  giving  a  total  daily  caloric  value  of  ()8!).l  to  1,011.5  calo- 
rics.   Supposing  a  G-months-oId  infant  to  have  attained  the  weight  of 
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7,300  grams  (16  pounds),  and  requiring  an  energy  quotient  of  90,  we 
see  that  the  energy  quotient  furnished  by  the  above  diet  varies  from 
92,  or  near  the  safety  limit,  to  the  dangerous  figure  of  134.8. 

Now,  as  long  as  everything  is  going  well,  and  we  have  no  scien- 
tific guide  on  which  to  base  our  calculations,  the  tendency  is  to  give 
an  ai'tificially  fed  infant  as  much  food  as  it  will  absorb  witliin  tlie 
indicated  limits  of  the  schedule. 

As  the  higher  limit  of  1,500  grams  a  day  was  being  approaclied, 
a  gratifying  and  remarliuble  increase  in  the  gain  in  weiglit  would 
be  observed.  This,  as  Czerny  tells  us,  is  a  significant  sign  that  the 
income  and  the  outgo  are  not  correctly  balanced  and  calls  for  imme- 
diate reduction  in  the  energy  quotient  of  the  food. 

That  this  position  is  sound  a  little  reflection  will  make  clear,  as  it 
is  evident  that  growth,  being  the  result  of  anabolic  effort  on  the  part 
of  certain  organs,  must  necessarily  have  a  certain  maximum  rate  of 
increment  beyond  which  we  pass  into  the  pathologic.  In  our  hypo- 
thetical instance,  satisfaction  at  the  child's  remarkable  and  unex- 
pected gain  in  weight  would  further  the  inclination  to  continue  with 
greater  quantities  of  the  food  that  has  agreed  so  well  with  it.  In  this 
manner  tlie  physiological  needs  of  the  child  having  been  long  sur- 
passed, the  symptoms  of  over- feeding  as  previously  described  become 
evident,  either  the  gastro-intestinal  catastrophe  or  the  anorexia, 
constipation,  and  continual  recession  in  weight. 

In  the  case  of  the  first  outcome,  withholding  oi  the  milk  and  ap- 
propriate treatment  is  instituted,  with  the  result,  however,  that  much 
valuable  ground  is  lost,  and  we  have  a  child  wdio  perhaps  for  weeks 
can  not  take  any  form  of  cow's  milk  at  all. 

In  the  second,  the  results  may  vary.  The  digestive  disturbances 
are,  as  a  usual  thing,  erroneously  attributed  to  the  cow's  milk  pro- 
teids.  The  constipation  may  be  regarded  as  the  result  of  a  lack  of 
fat,  which  may  be  added  to  a  diet  already  overchai-ged  with  this,  and 
a  gastro-intestinal  crisis  definitely  precipitated. 

We  must,  therefore,  regard  the  percentage  system  of  feeding  as 
based  upon  conchisions  that  are  incomplete  and  the  result  of  clin- 
ical ol)servation  alone,  a  form  of  observation  that  is  prone  to  lead  to 
inferences  incorrectly  grounded  in  fact.  Without  deprecating  the 
skill  and  care  used  in  M'orkiiig  out  these  formula;  there  is  occasion 
for  regret  that  until  very  lately,  in  the  belief  of  the  complete  scien- 
tific accuracy  of  our  methods,  we  have  failed  to  undertake  any  obser- 
vations for  ourselves  as  to  the  nutritive  requirements  of  infants,  and 
the  actual  digestive  absoi-ption  (hat  takes  jilace  in  respect  to  the  vari- 
ous constituents  of  human  and  otliei-  milks  in  the  infantile  digestive 
(ul)e.  We  see  by  tlie  foregoing  that  tlie  wliole  (juestion  of  the  arti- 
ficial feeding  of  infants  may  be  reduced  from  a  condition  of  exti'eme 
complexity,  based  upon  the  incomplete  data  of  clinical  observations, 
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((>  a  relatively  simple  and  scientific  basis.  The  principles,  briefly 
s(MtPcl,  consist  in  fe<?dinjT  to  every  child  who  must  be  artificially  fed 
:i  lood  Avhich,  based  on  the  age  and  weight  of  the  child,  will  fiu-nish 
ii   \vith  the  energy  quotient  it  requires  and  no  more,  and  to  continue 

I  lie  food  at  that  composition  and  quantity  until  a  diminution  in 
till'  weekly  gain  of  weight,  unaccompanied  by  symptoms  referable  to 
ilic  gastro-intestinal  tract,  informs  us  that  an  increase  in  the  diet 
i-  necessary. 

As  we  need  no  longer  be  deterred  by  our  fears  of  the  indigestibility 
(if  row's  millv  jDroteid,  in  the  absence  of  excessive  quantities  of  fat, 
111   changes  due  to  fermentation,  undiluted  cow's  milk  can  be  given 

I I  iini  the  beginning  of  tlie  first  month  on,  provided  its  content  of  fat 
ill  lis  not  exceed  2  to  3  per  cent,  nor  the  daily  quantity  greater  than 
I  lO  cubic  centimeters  per  kilogram  of  body  weight. 

To  settle  any  doubt  as  to  the  digestibility  of  whole  cow's  milk  in 
ilic  stomach  of  infants,  Ave  have  but  to  turn  to  the  observations  of 
I'.iulin,  Oppenheimer,  Variot,  Comby,  Lazard,  Drapier,  Kuffie,  Bon- 
! las,  Gillet,  and  others,  men  of  large  experience,  who  have  fed  infants 
liiim  the  earliest  days  in  life  on  whole  cow's  milk  in  proportion  to 
ilicir  needs  without  observing  anything  but  the  happiest  results.'' 

In  feeding  cow's  milk  undiluted  to  infants  in  this  country  our  prac- 
lirc  in  tliis  direction  must  be  controlled  by  the  following  circum- 
>iance:  Abroad,  owing  to  different  methods  in  feeding,  and  different 
rji  ades  of  cattle,  milk  containing  over  3.75  per  cent  of  butter  fat  is 
1  :iiely  found,  and  the  average  is  i^robably  not  over  3  to  3.50  per  cent 
ill  the  majority  of  cases.    In  our  country  it  is  a  milk  poor  in  butter 

III  indeed  which  does  not  average  4  per  cent,  w-hile  selected  milk  sup- 
plied to  many  of  our  institutions  and  hospitals  and  our  "certified" 
;L:iiides  of  millf  are  often  nearer  4.50  or  4.75  per  cent.  Thus  Chapin 
i'oiind  that  the  average  content  of  fat  of  the  milk  used  in  the  Babies' 
Ward  of  the  Postgraduate  Hospital  in  New  York  was  4.40  per  cent. 
The  use  of  milk  of  this  grade  of  richness  is  likely  to  be  followed  by 
digestive  disturl)ances  and  symj^toms  of  overfeeding  when  fed  whole 
to  infants,  lioth  by  reason  of  excessive  caloric  value  and  of  the  forma- 
tion of  large  fat-containing  curds. 

Wiiile  agreeing  witli  the  experience,  in  France  of  the  digestibility 
of  undiluted  cow's  milk  as  an  infant  food,  I  am  not  prepared  to  ad- 
vocate its  use  in  this  country  unless  the  fat  cont<'nt  is  known  to  be 
no  higher  than  3.00  per  cent.  This  condition  can,  however,  be  secured 
either  by  using  milk  from  Holstein  cattle,  which  is  normally  no  richer 

"Biulin:  The  NnrslinK.  Couiby :  Modicino  Modorne,  Mjir.  14,  1S04.  lAVMrd: 
Journal  de  Clinuiues  et  de  Therapeutiquos  Infaiitiles,  LSOS.SSfl.  Ihu-pier:  Uap- 
port  sin-  li:  fonctionnonce  de  la  cTecIic.  Uviflio:  I^a  Ooiiltetle  on  la  diarrliee 
vcrle  des  nourissoiis  ot  son  Iniilonieiit  par  Ic  lail  sU'iilise.  Itoiiifas:  \ai  I'rogres 
.Mcdicale.     Gillet:  Fonuulairc  d'IIyt,'ieiio  Infantile  Individuelle. 


726 

than  this,  or  by  removing  appropriate  amounts  of  the  "  top  milk  " 
from  bottled  milk  after  the  cream  has  risen  and  then  thoroughly  mix- 
ing the   remainder. 

(iENERAL  DIRECTIONS  FOR  THE  ARTIFICIAL  FEEDING  OF  INFANTS. 

For  children  one  month  old  or  over. — First,  weigh  the  child. 
Allow  a  daily  quantity  of  cow's  milk  of  one-seventh  body  weight 
for  infants  up  to  3  months  of  age,  one-eighth  the  body  weight  from 
3  months  to  6  months,  and  after  that  from  one-ninth  to  one-tenth. 

Quality  of  milk  to  he  vsed. — Use  nothing  but  clean,  fresh,  bottled 
milk,  "  certified  "  if  possible.  If  this  can  not  be  had,  use  bottled 
milk  from  a  high-grade  dairy,  making  sure  that  the  fat  content 
does  not  exceed  3.00  per  cent.  If  it  is  greater  than  this  it  must  be 
reduced  to  this  figure  by  dipping  the  cream  out  of  the  top  of  the 
bottle  in  the  amounts  given  in  the  following  table  and  then  mixing 
thoroughly   the  remainder. 

Note. — A  cow's  uiilk  of  this  percentage  of  fat — 3.50 — has  a  heat  value  of 
653.5  calories  per  kilogram,  or  about  the  average  calorie  value  of  woman's 
milk. 

Table  slwioing  quantities  of  top  milk  that  must  he  removed  from,  top  of  quart 
bottles  of  milk  in  order  to  reduce  the  percentage  of  fat  to  3.00  per  cent. 


Original  perceiitnge  of  fat  in  the  milk. 

Quantity  of  cream  to  be  removed  from  top 
of  quart  after  cream  has  ri.sen  to  reduce 
fat  to  3.00  per  cent. 

4.01) 

4  fiO 

5.00 

Mix  the  milk  thoroughly  by  pouring  into  another  vessel  and 
measure  out  the  amount  of  the  daily  supply  requisite  as  indicated 
by  the  age  and  weight  of  the  child;  e.  g. :  Weight  of  child  1  month 
old,  4  kilograms  (5)  lbs.)  ;  ^  of  body  weight=.570  grams  (19  ounces) ; 
daily  quantity  of  milk=570  grams  (19  ounces).  Divide  the  quantity 
of  milk  so  obtained  in  nursing  bottles  each  containing  equal  amounts 
according  to  the  daily  number  of  feedings  advocated  in  another 
part  of  this  jjaper  (see  brea.st  feeding).  Sterilize  it  by  standing  the 
bottles,  each  corked  with  absorbent  cotton,  in  boiling  water  up  to 
their  necks  and  boil  for  a  period  of  three-fourths  to  one  hour.  Cool 
ami  ])reserve  the  bottles  on  ice  until  re(]uired.  Before  feeding  heat 
the  milk  to  blood  temperature  by  standing  the  bottle  in  hot  water. 
Sterilization  of  the  milk  is  advocated  in  tlie  case  of  all  infants  under 
.">  iiiundis  of  iig(\  for  reasons  presently  to  be  discussed.  After  that 
time  it  may  be  discontiinied,  and  jiasteurization  of  the  milk  substi- 
tuted nnlil  (he  eiglitli  nv  ninth  moiilli,  wlien  law  milk  may  be  used, 
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provided  the  weather  he  coo],  the  inilk  reliahle,  and  the  use  of  the  raw 
milk  produces  no  digestive  disturhance.  During  the  summer  it  is 
better  to  pasteurize  or  to  sterilize  all  milk  used  in  infant  feeding.  All 
pasteurization  and  sterilization  are,  however,  processes  to  l)e  reserved 
inr  home  use  only.  As  a  rule  milk  that  has  been  commercially  pas- 
tiiirized  or  sterilized  should  not  be  used,  as  it  may  have  been  imper- 
fi'itly  kept  by  the  dealer  after  the  process. 

Reasons  for  the  sterilisation  and  pasteurisation  of  milk. — Apart 
from  the  safety  the  sterilization  or  the  pasteurization  of  milk  con- 
fiTs  by  virtue  of  the  destruction  of  all  its  nonspore  bearing  bacteria 
(the  word  "sterilization"  is  not  used  here  in  the  laboratory  sense, 
liut  refers  merely  to  measures  which  will  destroy  ordinary  patho- 
i^i'iiic  organisms)  there  is  abundant  and  incontrovertible  evidence 
til  show  that  by  these  measures  both  the  morbidity  and  the  mor- 
lality  of  infants  from  gastro-intestinal  disease  has  been  gi-eatly 
rcihiced. 

There  are  also  additional  and  important  reasons  in  the  case  of 
infants  of  less  than  3  months  of  age  which  render  the  steriliza- 
tiiin  of  the  milk  from  their  use  especially  desirable.  Russell  has 
-liown  that  heating  the  milk  destroys  the  tendency  of  the  fat  globules 
t(j  coalesce  and  distributes  them  uniformly  throughout  the  milk. 
This  combined  with  the  partial  inhibition  of  the, curding  action  of 
ilic  gastric  juices  upon  the  casein  of  heated  milk  prevents  the  for- 
mation of  large  fat  containing  curds  in  the  stomach. 

Now,  the  gastric  capacity  of  young  infants  is  both  absolutely  and 
relative!}'  very  small.  During  the  act  of  nursing,  when  the  stomach 
has  been  filled  a  portion  of  its  contents  is  passed  on  into  the  duode- 
num. That  this  must  take  place  is  readily  shown  by  consulting  the 
records  of  Feer's  investigations  and  by  comparing  the  amounts  taken 
at  single  nursings  with  the  absolute  gastric  capacity  of  infants  of 
that  age  as  determined  by  Pfaundler. 

The  soft,  flocculent,  diffluent  curd  of  heated  milk  readily  permits 
this  action  to  occur  as  the  stomach  reaches  the  point  of  physiological 
distension. 

Objections  to  the  use  of  sterilized  milk. — The  use  of  sterilized  milk 
for  the  feeding  of  infants  has  often  been  objected  to,  first,  on  account 
of  suiD|)osedly  gi-eater  difliculty  in  digestion,  and  second,  because  of 
the  danger  of  producing  infantile  sc\irvy  thereby.  The  first  objection 
:s  founded  upon  misapprehension,  as  can  readily  be  shown  by  com- 
paring the  action  of  rennet  ferment  on  raw  milk  and  on  milk  that 
has  been  i:)reviously  heated.  The  raw  milk  coagulates  firmly,  while 
the  heated  milk  has  a  soft,  almost  diffluent  clot.  Moreover,  careful 
investigations  of  the  digestive  absorption  of  the  constituents  of  heated 
milk  have  shown  evidence  of  a  considerably  greater  degree  of  com- 
pleteness in  such  absoption  than  is  the  case  in  unheated  milk.    This, 
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conjoined  with  the  favorable  experience  of  the  French  clinicians  with 
heated  milk,  must  be  regai'ded  as  conclusive  evidence  of  the  sujjc- 
riority  of  both  sterilized  and  pasteurized  cow's  milk  present  over  raw- 
cow's  milk  in  this  respect.  The  second  objection,  that  of  causinjr 
infantile  scurvy,  I  believe,  can  be  demonstrated  to  reside,  in  all  prob- 
ability,  in  qualities  inherent  in  the  milk  used  and  not  attributable  In 
the  mere  fact  of  its  sterilization.  Scurvy  has  been  seen  not  only  as 
the  result  of  jiasteurized  or  sterilized  milk,  but  also  in  breast-fed  chil- 
dren and  in  those  fed  on  raw  cow's  milk.  We  may,  therefore,  infer 
that  certain  constituents  necessary  to  the  nutrition  of  the  body  were 
not  being  sujoplied.  At  Professor  Budin's  clinic  in  Paris,  at  all  the 
numerous  milk  dejiots  (''Gouttes  de  Lait")  scattered  throughout 
France,  where  nothing  but  inisophisticated,  sterilized  cow's  milk  is 
used  for  the  artificial  feeding  of  infants  from  the  earliest  age,  infan- 
tile scurvy  is  practically  unknown.  Budin  tells  us  of  a  visiting  physi- 
cian who  was  unable  to  convince  himself  that  sterilized  milk  did  not 
produce  scurvy.  Budin  invited  him  to  inspect  the  infants  who  pre 
sented  themselves  with  their  mothers  for  their  weekly  inspections  and 
weighings,  as  they  are  obliged  to  do.  Every  babe  was  stripped  and 
the  visitory  was  able  to  verify  for  himself  that  not  one  presented  signs 
of  scurvy  or  even  of  rickets  in  the  slightest  degree. 

I  would  put  forth  tentatively  the  following  development  of  Ealfe's 
theory  as  to  the  causation  of  scurvy  as  a  possible  explanation  in  this 
connection  of  the  etiology  of  infantile  scurvy  and  tending  to  remove 
this  odium  from  whole,  sterilized  cow's  milk,  not  too  rich  in  fat.  On 
theoretical  grounds,  scurvy  may  be  regarded  as  a  pathological  condi- 
tioii  caused  by  the  diminution  in  the  body  of  those  alkaline  bases 
M'hich  are  necessary  for  the  maintenance  of  a  normal  condition  of 
health.  These  are  ordinarily  supplied  in  our  food  in  the  form  of 
salts  of  the  alkaline  bases,  especially  potassium.  Now,  I  would  go  a 
step  farther  and  s;iy  that  in  order  to  midergo  absorption  during 
digestion,  these  salts  must  be  supplied  in  combination  with  an  acid 
radical  which  can  be  set  free  by  the  action  of  the  digestive  juices,  such 
as  phosphoric,  citric,  malic,  and  similar  acid  radicals.  The  negative 
pi"oof  of  this  contention  is  the  rapidity  with  which  scurvy  is  cured 
when  the  system  is  freely  suj'jplied  with  such  salts. 

I  think  two  causes  often  going  hand  in  hand  are  mainly  responsible 
for  the  production  of  scurvy  in  infants.    The  first  is  an  absolute  in 
sufficiency  of  the  salts  alhuled  to  and  the  second  is  a  relative  insulli- 
ciency  of  these  salts  when  compared  with  the  fat  present  in  the  diet. 

In  regard  tothe  latter  condition  we  have  seen  how  a  diet  excessive 
in  fat  maj'  draw  ui)on  the  alkaline  l)ases  of  the  body  for  the  purposes 
of  saponification.  When  they  are  being  iinulc(ni;it('ly  supplied  in  the 
food  as  well  it  is  easy  to  see  tluit  tlie  time  would  not  be  long  in  coming 
when    the    available    supply    would    be    deplcti'd,    radical    changes 
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wi-ought  in  the  composition  of  tlic  liody  tissnes  and  tho  ronstitn- 
liiiual  symptoms  wonld  follow. 

in  many  of  the  cases  of  infantile  scurvy  caused  by  stei'ilized  milk 
!lii'  formula?  used  seems  to  have  been  the  causative  factor,  i.  e.,  low 
pinleids  or  low  proteids  and  high  fat.  Now  all  such  modifications 
inv  derived  from  the  dilution  of  top  milks  and  creams  with  water. 

I  his  implies  that  the  quantity  of  the  mineral  salts  present  in  the 
milk  is  greatly  diminished,  as.  in  order  to  produce  this  relative  pro- 
jiintion  of  fat  and  jDroteid,  small  amounts  of  these  top  milks  and 
creams  ai'e  diluted  with  large  volumes  of  water. 

Thus  a  modified  milk  mixture  of  the  following  formula :  Fat,  3 ; 
Miliar,  6,  and  jjroteid,  1,  is  obtained  by  diluting  C  ounces  of  10  per 
nut  cream  with  12  ounces  of  water  and  adding  1  ounce  of  milk  sugar. 
'J  his  has  at  once  tlie  effect  of  reducing  the  mineral  salts  in  this  mix- 
Imc  to  one-third  the  amount  present  in  a  similar  amount  of  whole 
milk.     '\^1ien  higher  fat  modifications  derived  from  cow's  milk  are 

II  :■(!  without  increasing  the  proteid,  or  when  the  proteid  percentage 
i-  lo  be  reduced,  a  richer  cream  must  be  taken  in  smaller  amount  and 
ill  luted  with  a  greater  volume  of  water.  On  the  other  hand,  I  would 
;iiiribute  the  occurrence  of  cases  of  scurvy  which  have  been  observed 
("  result  from  the  use  of  whole  sterilized  cow's  milk  to  the  presence 
of  an  excessive  amount  of  fat  in  the  milk,  which,  b}'  reason  of  the 
Lircater  digestibility  of  sterilized  milk,  when  compared  to  raw  milk, 
w.is  ingested  without  causing  acute  gastro-intestinal  disturbance. 

It  is  easy  to  see,  then,  how  a  milk  modification  in  which  the  min- 
(  nil  salts  are  greatly  reduced,  or  even  a  rich  whole  milk,  which  by 
\  irtue  of  its  sterilization  is  thereby  made  easier  of  digestion,  may,  on 
the  one  hand  eitlier  by  deficient  supplying  of  alkaline  bases,  and  on 
(hi'  other  by  their  excessive  abstraction  from  the  body  for  llic  piir- 
|Mi-cs  of  saponification,  produce  in  the  long  run  the  alteration  of  the 
IiihIv  tissues  and  fluids  which  may  result  in  scurvy.  It  may,  how- 
t Mi-,  be  objected  that  the  proprietary  foods  and  condensed  milk, 
which  are  anything  but  rich  in  fat,  are  themselves  tiie  most  prolific 
ciiiises  of  infantile  scurvy. 

This  objection  may  be  met  by  (lie  facl  that  Ihcse  are  concenlraled 
fudds,  and,  for  use,  are  diluted  wilii  large  volumes  of  water.  In  the 
I  ;i-f  of  condensed  milk,  at  least,  this  has  the  effect  of  reducing  the 
;ilts  far  below  tho  limit  required  by  the  body.  Thus,  condensed 
milk,  when  diluted  with  G  parts  of  water,  contains  0.17  per  cent,  with 
I  :  parts  0.10  per  cent,  and  with  18  parts  0.07  per  cent  of  these  salts. 
These  are  the  dilutions  ordinarily  used  in  (he  feeding  of  infants. 
T.I  king  woman's  milk  as  a  standai'd  of  infant  needs  in  (his  respect 
in  maternal  nursing,  at  least,  we  find,  according  (o  Von  Kuiige,  (hat 
puliissiinn  and  sodium  are  by  far  (he  pi'epondenUing  alkaliiie  l)ases 
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in  its  salts,  and  that  the  child  rc(|uiix's  of  thcni  0.07  and  0.0'2r)  per 
cent,  respective!}',  in  its  food. 

This,  however,  may  be  said  to  be  true  only  Avhen  lactation  is  well 
established.  Dnring  the  first  weeks  of  lactation  the  percentage  of 
mineral  salts  present  is  higher  than  this,  which  may  have  the  effect 
of  increasing  the  reserve  suiaph'.  As  these  salts  are  present  in  whole 
cow's  milk  in  the  proportions  of  0.17  and  0.05  per  cent,  it  will  be 
seen  that  the  dilution  of  condensed  milk  as  given  above  reduces  them 
to  infinitesimal  amounts,  in  the  case  of  the  first  dilution  0.00309  and 
0.00085  of  each.  Nor  does  it  necessaril}'  follow  that  an  amount  of 
these  salts  similar  to  that  furnished  with  human  milk  will  be  adequate 
when  supplied  in  conjunction  with  other  foods,  as  much  depends  upon 
the  conditions  governing  absorption  in  the  alimentary  tract.  In  the 
case  of  the  proprietary  foods,  scurvy  has  been  met  with  in  those  cases 
where  they  have  been  used  as  a  comi^lete  substitute  for  milk.  In  some 
of  these  foods,  such  as  Nestle's,  Eskay's,  Eidge's  food,  and  Imperial 
Granum,  the  amount  of  inorganic  salts  present,  differing  but  little 
or  being  much  less  than  those  in  condensed  milk  when  diluted  to  the 
extent  required  for  use,  predicates  a  similar  condition  on  their  part, 
^^lien  we  come  to  consider  artificial  foods  in  general  I  think  we  are 
justified  in  assuming  that  they  shoidd  contain  an  amount  of  inorganic 
salts  at  least  equal  to  that  of  the  food,  i.  e.,  cow's  milk,  which  has 
been  the  most  successful  in  the  artificial  feeding  of  infants.  AMien 
we  reduce  cow's  milk  to  the  basis  of  the  relative  proportion  of  its 
solid  constituents  to  each  other  we  find  that  cow's  milk  has  the  fol- 
lowing average  composition: 

Per  cent. 

Fat— - 31.  .25 

Sugar 35.16 

Proteid - 27.34 

Salts G.  25 

100. 00 

There  seems  to  be  no  proprietary  food  on  the  market  that  ap- 
proaches cow's  milk  in  the  respect  of  its  content  of  inorganic  salts  in 
[U'oportion  to  its  other  ingi-edients,  the  nearest  being  in  the  case  of  a 
food  ((iarnrick's)  which  contains  4.42  per  cent  of  inorganic  salts,  and 
of  which  considerably  over  one-half  of  its  content  of  carbohydrate  is 
insoluble,  a  condition  which  nuist  certainly  be  taken  into  account 
when  considering  the  availability  of  such  salts  for  absorption. 

We  may,  therefore,  with  reason,  I  think,  dismiss  our  fears  of  the 
production  of  infantile  scurvy  by  the  use  of  sterilized  or  of  pasteur- 
ized cow's  milk,  administered  in  suitable  quantities,  provided  its  in- 
organic salts  are  not  reduced  too  greatly  by  dilution  nor  its  fat  con- 
tent excessive  (over  3  per  cent).  If  these  conditions  are  complied 
with,  I  am  convinced  that  the  dangers  of  scurvy  from  its  use  have 
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lnHMi  greatly  overestimated.  At  all  events,  the  danger  involved  from 
the  use  of  sterilized  or  of  pasteurized  milk  with  respect  to  scurvy  is 
:  11  small,  under  these  conditions,  in  comparison  with  the  advantages 
1.1  he  derived  that  they  may  be  disregarded.  As  an  additional 
[iiciphylactic  when  desired,  however,  we  may  avert  all  danger  by  the 
inhiiinistration  once  or  twice  a  day  of  a  small  quantity  of  orange 
iiiico  (say  15  to  30  cubic  centimeters)  one  hour  or  so  before  feeding. 
ii  is  needless  to  say  that  the  juice  so  administered  must  be  from  per- 
li'(  tJy  fresh  fruit  and  strained  free  from  particles  of  skin. 

PASTEITRIZATION    OF    MILK. 

This  consists  in  the  heating  of  milk  to  00°  C.  (1-10°  F.)  for  twenty 
minutes.  AMiile  insufficient  for  the  complete  sterilization  of  milk, 
i|  destroj's  most  of  the  nonspore-forming  micro-organisms,  including 
the  pathogenic  germs,  besides  not  altering  materially  the  taste  of  the 
milk.  It  is  therefore  recommended  for  milk  to  be  used  in  feeding 
infants  from  the  third  month  on,  at  least  during  the  summer  months. 

METHOD  OF  PASTEURIZING   MILK. 

Water  is  brought  to  a  boiling  point  in  some  utensil  with  a  close- 
fitting  lid.  The  utensil  is  then  removed  from  the  stove  and  placed 
on  some  nonconductor  of  heat,  as  a  square  of  asbestos  or  a  board. 
The  feeding  bottles  are  stood  up  to  the  level  of  the  milk  in  them,  in 
the  water,  the  utensil  covered,  and  the  whole  left  for  twenty  minutes. 
The  milk  bottles  are  then  rapidly  cooled  by  the  use  of  cold  water  on 
the  exterior  of  the  bottles  and  are  kept  on  ice  until  required. 

It  is  highly  important  to  remember  that  neither  sterilization  nor 
pasteurization  will  make  bad  or  stale  milk  good,  and  that  once  steril- 
ized or  pasteurized  it  requires  the  same  care  in  preservation  as  raw 
milk.  Very  convenient  forms  of  af^paratus,  such  as  Arnold's  or 
Soxhlet's,  for  sterilization,  or  Freeman's  for  pasteurization  of  milk 
can  be  bought  at  the  shops. 

AUTlFIOrAL    FEEDINO    OF    INFANTS    I'NDKP.   ONE    MONTH    OF    AclE. 

When  we  consider  tlie  composition  of  woman's  milk  in  (he  early 
period  of  lactation,  we  are  imjjressed  with  the  fact  that  while  the 
proteids  are  high,  the  sugar  and  fat  are  lower  than  at  subsequent 
times.  This  has  the  effect  of  reducing  its  caloric  value,  and  is  doubt- 
less dependent  upon  the  needs  of  the  infant  in  this  respect. 

We  can.  therefore,  more  easily  imitate  the  provisions  of  nature  by 
feeding  skimmed  milk  to  infants  in  the  lirst  month  of  life.  Walls 
has  found"  that  sterilized  undiluted  skiunned  milk  is  entirely  di- 
gestible even  by  premature  infants.     As  the  energy  quotient  required 

"  F.  X.  Walls,  Jour.  Am.  Med.  Assu.,  1907,  Vol.  XLVIII,  pp.  1389-1392. 
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by  infants  does  not  become  high  until  the  second  week,  it  may  be  as- 
sumed that  skimmed  milk  will  more  nearly  meet  their  requirements 
at  this  age  than  whole  cow's  milk. 

Skimmed  milk  is  obtained  either  as  centrifugally  skimmed  milk 
from  the  dairy  or  by  siphoning  off  the  under  half  of  a  (|uart  bottle  of 
milk  whose  cream  has  risen. 

Skimmed  milk  has  the  following  average  comiiosition  : 

I'cr  cpnt 

Fiit 0.  r)()  to  1. 00 

Proteid 3.  50 

Sugar 4.  nO 

Salts 0.  75 

Water 90.  75  to  !»0.  25 

C;iU)ric  value  iicr  kilotcram,  .'574.5  to  4LM. 

The  amounts  to  be  taken  are  determined  as  previously  explained. 
After  the  end  of  the  first  week  one-third  whole  milk  and  two-thirds 
skimmed  milk  can  be  given;  after  the  end  of  the  second,  one-half 
whole  milk  and  one-half  skimmed  milk;  at  the  end  of  the  third  week, 
three-quarters  whole  milk  and  one-quarter  skimmed  milk,  passing  to 
whole  milk  at  the  beginning  of  the  first  month. 

FEEDING    OF    OLDER    INFANTS. 

The  seventh  month  of  infancy  marks  the  time  when  it  is  desirable 
to  suiDplement  exclusive  milk  feeding  by  some  other  food.  This 
should  take  the  form  of  some  cereal  broth,  and  should  be  added  to  the 
milk  in  the  proportion  of  one-third  broth  to  two-thirds  milk. 

The  preparations  recommended  for  this  purpose  are  dextrinized 
gruels,  oatmeal  jelly,  and  barley  water. 

Dextrinized  r/tn/el. — Make  a  thin  jjaste  of  cold  water  and  1  or  2 
heaping  tablespoonfuls  of  barley,  wheat  or  rice  flour,  add  1  quart 
of  boiling  water,  and  boil  for  fifteen  minutes  in  a  double  boiler. 
When  the  gruel  is  cool  enough  to  be  easily  tasted,  dextrinize  by  adding 
1  teaspoon  fid  of  diastase  solution.  An  active  solution  of  diastase 
may  be  in-epared  by  soaking  a  tablespoonful  of  crushed  malted  barley 
grains  in  sullicieut  cold  water  to  cover  them  (about  2  tablespoon- 
fuls) and  placing  the  mixture  in  the  refrigerator  over  night.  In  the 
moi'iiing  the  li(]uid  which  resembles  weak  tea  is  strained  off".  A  table- 
spoonful  of  this  fluid  will  dextrinize  a  pint  of  gruel  in  fifteen  minutes. 
Or,  a  good  commercial  preparation  of  diastase  may  be  used. 

Oatmeal  jelly. — To  2  tablespoonfuls  of  oatmeal  add  1  quart  of 
water  and  boil  for  three  hours,  keeping  up  the  quantity  to  1  quart  by 
the  addition  of  water  as  it  boils  away.  Strain  through  coarse  mu.slin. 
As  this  forms  a  jelly  when  cold,  it  .should  be  added  warm  to  the  food. 

Barley  trafer. — Tliis  is  iirejiarcHl  in  the  same  way.  Barley  grains 
or  barley  floui'  may  be  used.  If  the  ronuei',  soak  the  grains  in  water 
over  niirht. 
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MKTIIOD    0¥    INCKKASINC:    THE    INFANT'S    DIET. 

As  long  as  an  infant  is  making  satisfactory  gains  no  change  in  t\w 
daily  quantity  of  food  is  required.  To  this  end,  all  artificially  fed 
infants  should  be  carefulty  weighed  each  week  and  the  weights  noted 
for  futux'e  reference.  When  the  rate  of  gain  for  a  week  has  suffered 
diminution,  in  the  absence  of  other  symptoms  to  account  for  it,  we  are 
to  know  that  the  time  has  come  for  an  increase  in  the  diet.  The 
amount  of  this  increase  is  determined  along  lines  previously  laid 
down,  i.  e.,  by  weighing  the  infant  and  giving  it  that  proportion  of 
food  to  its  body  weight  indicated  by  its  age. 

.We  should  be  watchful  for  symptoms  of  overfeeding  with  every  in- 
crease instituted  in  the  quantity  of  the  daily  food.  As  long  as  the 
stools  are  normal  in  number,  color,  quantity,  and  consistency,  and  the 
urine  icmains  limpid,  no  fear  of  overfeeding  may  be  entertained. 

When,  however,  loss  of  appetite  is  manifest,  the  bowels  are  con- 
stipated, pale,  formed,  and  dry,  the  infant  is  being  overfed,  and  a 
reversion  to  the  former  amount  of  its  diet,  or  the  substitution  of 
skimmed  milk  for  a  few  daj's  must  be  employed  until  these  symptoms 
disappear. 

PRECAUTIONS    TO    BE   OliSERVED    IN    THE    ARTIFICIAL   FEEDING    OF    INFANTS. 

Everj^  utensil  used  in  the  preparation  of  infant  food  should  be 
clean.  This  does  not  mean  a  mere  macroscopical  cleanliness,  but  sur- 
gical cleanliness  as  well.  Vessels  used  to  hold  the  infant's  food  dur- 
ing its  preparation  should  be  scalded  with  boiling  water  after  pre- 
vious thorough  cleansing.  Feeding  bottles  are  to  be  cleaned  after  use, 
first  with  cold  water,  and  then  with  warm  water  and  some  alkaline 
soap  powder.  Adhering  particles  of  milk  are  to  be  removed  with  a 
bottle  brush.  The  bottles  are  to  be  sterilized  by  boiling  them  in 
water,  and  storing  them  in  an  inverted  position,  when  empty,  to  pre- 
vent the  access  of  dust  to  their  interior.  When  new  nursing  bottles 
are  bought,  in  order  to  prevent  them  from  cracking  from  the  ex- 
tremes of  cold  and  heat  to  which  they  are  subject,  they  should  be 
annealed.  This  is  accomplished  by  placing  them  in  cold  water,  bring- 
ing the  water  to  a  boil,  and  allowing  the  bottles  to  remain  in  the  water 
until  it  is  cold. 

Only  rubber  nipples  fitting  on  the  necks  of  the  bottles  should  be 
used.  One  should  be  able  to  turn  them  inside  out  for  cleansing  pur- 
poses. The  hole  in  the  lop  should  be  just  large  enough  to  allow  the 
milk  lo  drop  rather  rapidly  when  the  bottle  is  inverted.  If  it-  issues 
in  a  stream  the  hole  is  too  large.  Nijiples  before  use  should  be  boiled, 
iiiid  nuiy  be  kept  in  a  saturated  solution  of  boric  acid.  In  feeding  the 
child  care  should  be  taken  to  hold  it  in  such  a  position  that  it  can 
easily  take  its  food.    A  child  should  not  be  coa.xed  to  take  more  food 
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than  it  desires  at  the  time,  and  its  wishes  in  this  matter  should  be 
treated  with  respect.  Any  portion  of  food  left  after  a  feeding  shoidd 
be  thrown  away,  and  on  no  account  should  it  be  used  again. 

Wliile,  as  a  rule,  it  may  be  postulated  that  no  infant  is  born  with 
a  digestion  congenitally  weak,  still,  as  the  result  of  inadequate  feed- 
ing, both  maternal  and  artificial,  we  do  encounter  infants  whose 
digestive  processes  are  a  law  unto  themselves.  The  efficient  nutri- 
tion of  such  infants  often  presents  a  j^roblem  which  must  be  attacked 
ujjon  individual  lines.  The  investigations  of  Teixeira  de  Mattos," 
Salge,''  and  others  have  shown  that  fat-free  buttermilk,  or  equal  parts 
of  buttermilk  and  malted  cereal  broths,  are  in  many  instances  di- 
gestible with  apparent  satisfaction  by  such  infants.  As  skimmed 
milk,  also,  is  closely  related  to  buttermilk  in  its  composition,  its  nse 
as  an  article  of  diet  (sterilized)  under  these  circumstances  is  warmly 
recommended.  As  soon  as  tolerance  for  cow's  milk  in  this  form  is 
established,  it  must,  however,  be  supplanted  bj'  a  gradual  return  to 
whole  cow's  milk,  as  both  buttermilk  and  skimmed  milk  are  too  poor 
in  nutritve  elements  to  -furnish  the  basis  for  any  long-continued 
scheme  of  artificial  feeding. 

It  should  not  be  forgotten  that  atrojihic  infants  require  a  greater 
energy  quotient  than  the  normal  child  of  the  same  weight.  This  is 
due  to  two  reasons,  first,  by  reason  of  the  greater  radiation  of  heat 
on  account  of  their  deficiency  in  bodily  fat,  and  second,  because  their 
proportion  of  living  body  cells  is  greater  in  respect  to  their  weight 
than  is  the  case  in  infants  of  normal  nutrition.  In  the  latter,  8  to 
12  per  cent  of  their  weight  consists  of  fat,  whose  function  in  the 
metabolic  processes  of  the  oi'ganism  consists  only  in  furnishing  a 
storehouse  for  energy  and  in  conserving  the  bodily  heat.  In  the 
emaciated  child  of  the  same  weight,  the  body  consists  almost  entirely 
of  cells  performing  vital  functions,  all  of  which  require  nutriment 
for  their  proper  2:)erformance.  In  view  of  these  facts,  in  such  cases 
the  food  gi\en  may  bo  increased  above  the  normal  both  in  quantity 
and  in  caloric  value,  taking  care,  however,  not  to  pi'ovide  such  an 
excess  that  llie  digestion  is  thereby  embari'assed,  and  to  reduce  the 
nourishment  to  amounts  appropriate  to  the  weight  and  age  of  the 
child  as  the  normal  average  of  weight  for  age  is  approached. 

It  is  also  important  to  remember  that  cow's  milk  when  compared 
with  human  milk  is  essentially  an  alien  food.  Both  its  fats  and  its 
l)roteids  arc  diU'eivnt  in  composition  from  those  of  human  milk  and, 
being  adajjted  to  the  nourishment  of  an  animal  on  a  different  zoolog- 
ical |)lai)e,  must  of  necessity  be  regarded  as  substances  foreign  to  the 

"Teixeim  do  Mattos.  Die  Butlermilch  nls  SiiiisIiiiKSiiMlinins,  .Talirbncli  f. 
Kiiuloi-Loilk.,  1i)(»2,  pii.  l-fll. 

''B.  Salse.  I'.iillcniiilcli  an  SiiiifrliiisiiMlirMiii.',  .l.-ihrb,  I'.  KiiHlci-lieilkumk', 
1902,  157-104. 
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human  infantile  digestive  tract.  As  a  consequence,  gi-eater  energy 
i>  required  for  its  digestion  and  assimilation,  and  it  is  of  the  highest 
importance  that  the  infant  metabolism  be  not  further  strained  in  this 
<()iinection  by  the  imposition  upon  it,  in  addition  to  this  task,  of  the 
conversion  of  a  milk  whose  digestibility  is  further  impaired  by  fer- 
mentative changes  due  to  its  improper  jireparation  and  preservation 
;is  a  food. 

While  we  can  never  hope  to  vie  with  natural  nursing,  an  application 
111'  the  principles  briefly  expounded  in  this  paper  will  go  far,  I  am 
(•(iiivinced,  toward  eliminating  the  excessive  complexity  and  uncer- 
tainty which  have  hitherto  characterized  the  whole  subject  of  infant 
feeding,  and,  in  the  main,  be  productive  of  better  results  than  we  can 
obtain  bv  other  methods. 


24.  THE  RELATIVE  PROPORTION  OF  BACTERIA  IN  TOP 

MILK  (CREAM  LAYER)  AND  BOTTOM  MILK 

(SKIM  MILK),  AND  ITS  BEARING 

ON  INFANT  FEEDING. 


1414— Bull.  56—09 47  (737) 


THE  RELATIVE  PROPORTION  OF  BACTERIA  IN  TOP  MILK 
(CREAM  LAYER)  AND  BOTTOM  MILK  (SKIM  MILK),  AND 
ITS  BEARING  ON  INFANT  FEEDING." 


By  John   P.  Anukkson, 

Passed  Assistant  Hurgcon  and  Assistant  Director  Hyijiniii-  l.nhonitDnj.  I'uhlic 

Hcaltli  and  ilarvnc-Hospital   Service,   Washinotan,  I>.   C. 


In  the  course  of  a  study  of  tubercle  Ijacilli  iu  market  milk ''  and 
of  a  later  study  of  the  best  procedure  for  their  detection  in  milk  it 
was  noticed  that  when  guinea  pigs  were  inoculated  with  the  cream  a 
very  nnich  higher  [)ercentage  died  from  acute  infections  than  when 
the  sediment  was  used.  The  inference  was  natural  that  the  cream 
contained  more  bacteria  than  the  bottom  milk  or  sediment.  A  few 
preliminary  examinations  having  shown  this  supposition  to  be 
correct,  a  study  was  begun  as  to  the  number  of  bacteria  in  the  whole 
milk,  the  bottom  milk  or  sediment,  and  the  cream,  both  that  collected 
by  gravity  and  by  centrifugation. 

The  relative  number  of  bacteria  in  the  top  milk  and  iu  the  l)ottom 
milk  is  a  subject  of  very  great  importance  in  the  modification  of  milk 
for  infant  feeding.  All  the  writers  on  pediatrics  and  infant  feeding 
give  formula;  for  the  modification  of  milk  based  upon'  the  use  of 
various  amounts  of  top  milk.  My  studies  show  that  top  milk,  such 
as  is  advised  for  use  in  the  above  formula?,  contains  from  10  to  500 
times  as  many  bacteria  per  cubic  centimeter  as  the  mixed  milk.  This 
preponderance  of  bacteria  in  top  milk  may  account  for  the  fact  that 
sometimes  children  do  not  thrive  on  modified  milk  when  made  from 
toji  milk,  but  improve  when  the  whole  milk  is  used  for  modification. 

The  various  bacteria  causing  acute  infections,  as  well  as  tubercle 
bacilli,  are  more  jiumerous  in  the  top  milk  than  in  the  bottom  milk. 
In  many  cases  this  difference  is  more  than  a  hundredfold  and,  as 
infection  must  depend  to  some  extent  on  the  numb(;r  of  bacteria  intro- 

"'Tllis  is  .■!  siiiiiniMiy  <if  ;i  |i;ii>(>r  rrad  Ix'foro  the  AiiicricMii  I'lililic  IIi':illli 
Ass()ci;itioii  in  Winiiipcf:,  ('miim(1;i,  AufiusI  .",1.  liMJS. 

'' Aiidorsoii,  .Joliii  I''.:  "  Tlio  frequency  of  tubercle  bacilli  in  (lie  iniirUct  milk 
of  the  city  of  Washiuston,  D.  C."  Bui.  No.  41,  Hyg.  l.ab.,  I'.  S.  I'ub.  Iloultli 
and  Mar.  Hosii.  Serv.,  AVasli.,  1908,  p.  1G3. 
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(Inced  into  the  body,  too  little  attention  has  been  given  to  the  ques- 
tion of  the  number  of  bacteria  in  top  milk  wlien  used  for  infant 
feeding.  Oftimes  when  infants  ai-e  taken  ofl'  breast  milk  and  put  on 
modified  cow's  milk  made  from  top  milk  it  is  found  that,  in  spite  of 
A'arious  modifications  containing  varying  percentages  of  proteid,  the 
milk  fails  to  agree  with  the  infant.  In  those  cases  Avhich  develop 
diarrhea  the  fault  may  not  be  in  the  proteid,  but  in  the  large  number 
of  bacteria  in  the  top  milk  used  for  the  preparation  of  the  formula. 

The  gi'eater  frequency  of  intestinal  tuberculosis  in  young  children 
may  be  due,  not  alone  to  the  fact  that  they  use  a  large  amount  of 
milk,  but  because  toj)  milk,  which  contains  more  tubercle  liacilli  per 
cubic  centimeter  than  the  whole  milk,  is  used  in  the  jirejiaration  of 
modified  milk  formulse. 

The  literature  upon  the  subject  of  the  relative  number  of  bacteria 
in  top  milk  and  in  bottom  milk  is  very  slight.  None  of  the  writers 
seem  to  have  realized  the  great  importance  of  the  subject  in  its  rela- 
tion to  infant  feeding. 

In  30  samples  of  milk  examined  the  average  number  of  bacteria 
in  gravity-raised  cream  was  09,211,000  and  in  the  sediment  la^'er 
4,360,000  bacteria  i^er  cubic  centimeter. 

In  2G  samples  of  milk  the  average  number  of  bacteria  in  gravity 
and  centrifugally  raised  ci'eam  in  the  sediment  and  in  the  mixed  milk 


Gravity. 

Centrilugalized. 

Whole  milk. 

Cri-.am  layer. 

SfdiniL-nt 
layer. 

Cream  layer. 

Sediment 
layer. 

m,  oao,  000 

4,840,000 

96,840,000 

18,S10,000 

14,388,000 

In  <■)  saiiii)les  of  niillc  th(^  average  relative  number  of  bacteria  in 
the  gi'avity  cream  was  15,41(5,000;  skim  milk,  2,050,000;  in  the  sedi- 
ment layer,  1,405,000;  and  in  the  whole  milk,  2,708,000. 

In  7  samples  of  milk  the  average  relative  number  of  bacteria  in 
the  cenfrifiigally-raised  cream  was  4,500,000;  in  the  sediment  layer, 
725,900;  in  the  skim  milk,  119,700;  and  in  the  whole  milk,  019,800. 

One  sample  of  milk  contained  500  times  as  many  bacteria  per  cubic 
centimeter  in  the  cream  as  in  the  bottom  milk. 

When  milk  is  centrifugali/ed  the  great  mass  of  bacteria  go  up  with 
the  cream;  a  lesser  iiinubcr  is  carried  down  in  tlie  sediment.  The 
skim  milk  contains  many  (iiucs  fewer  bacteria  per  cubic  centimeter 
than  the  cream  or  sediment  layers. 

Centrifugally-raised  cream  contains  more  bacteria  ])er  cubic  centi- 
meter than  (he  yra vity-raised  cream  from  the  same  milk. 


25.  NATIONAL  INSPECTION  OF  MILK. 


(741) 


NATIONAL  INSPECTION  OF  MILK. 


By  Haevey  W.  Wilev,  M.  D.,  PU.  D., 
Chief  Bureau  of  Chemistry.  Department  af  Aurieultitre. 


Much  can  be  done  in  improving  the  character  of  milk  by  inspec- 
tion under  the  national  law  of  June  30,  190f).  This  law  applies  onl_y 
to  milk  sold  in  the  District  of  Columbia  and  the  Territories  and  the 
milk  entering  into  interstate  conunerce.  There  are,  however,  many 
large  cities  located  on  or  near  the  boundaries  of  States,  and  in  these 
cities  a  large  part  of  the  milk  supply  comes  from  without  the  State 
in  which  the_y  are  situated.  New  York,  Philadelphia,  Cincinnati, 
Louisville,  Chicago,  St.  Louis,  and  Kansas  City  are  types  of  cities 
of  this  class.  Under  the  provisions  of  the  law  steps  have  been  taken 
to  determine  the  character  of  the  milk  supply  furnished  some  of 
these  cities,  in  so  far  as  its  chemical  composition  is  concerned  and 
incidentally  the  inspection  of  dairies  has  necessarily  been  made.  Li 
all,  about  3,500  samples  of  milk  have  been  secured  and  examined. 
The  number  of  producers,  however,  was  not  so  great,  as  often  a 
great  number  of  samples  were  obtained  from  one  producer.  The 
manner  of  conducting  the  milking  and  the  shipping  of  milk  into 
various  cities  was  studied  and  in  all  cases  where  samples  were  col- 
lected for  prosecution  the  inspectors  accompanied  the  shipments, 
riding  in  the  milk  cars  so  as  to  be  certain  to  maintain  the  identity  of 
the  samples  and  to  be  able  to  swear  to  their  genuineness  after  they 
Iiad  crossed  the  State  lines.  The  sami)les  were  at  once  taken  to  the 
local  laboratories  of  the  Bureau  of  Chemistry,  in  the  cities  mentioned, 
and  subjected  to  a  preliminary  examination,  and  those  which  showed 
adulteration  or  misl)ran(ling  were  afterwards  submitted  to  a  more 
careful  examination  in  order  to  establish  with  certainty  a  case  suffi- 
ciently strong  to  warrant  prosecution.  It  was  deemed  wise  to  prose- 
nite  only  the  flagrant  cases,  but  many  samples  were  founil  l)y  analysis 
lo  be  watered  or  partly  skimmed,  and  these  were  not  prosecuted  be- 
cause of  the  difficulty  which  it  was  thought  would  arise  in  proving 
conclusively  to  the  jury  that  the  milk  had  been  tampered  with. 

Owing  (()  the  necessary  delay  in  <he  prosecution  of  cases  in  the 
Federal  courts  only  57  cases  so  far  liave  gone  to  (rial.     Of  tliese,  53 
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entered  a  plea  of  gtiilty  of  watering  or  skimming  or  both,  1  of 
adding  a  preservative,  1  of  watering  and  adding  a  preservative,  1 
was  convicted  of  adding  water,  and  another  charged  Avith  the  same 
offense  was  acquitted  by  the  jury;  A  curious  incichmt  is  connected 
with  this,  in  that  the  case  in  which  the  jury  acquitted  the  defendant 
was  the  most  flagrant,  while  the  case  following  was  a  much  less 
flagrant  case  of  watering. 

In  the  case  in  which  the  verdict  was  rendered  foi'  acquittal  tlie 
milk  was  grossly  adulterated  and  practically  no  evidence  was  sub- 
mitted by  the  defendant.  The  evidence  submitted  by  the  (iovern- 
ment  was  strong  and  well  connected  and  proved  without  a  shadow  of 
a  doubt  the  adulteration  charged,  namelj',  both  watering  and  skim- 
ming. The  chemical  evidence  in  this  connection  was  excejitionally 
strong  and  convincing.  Sixteen  additional  flagrant  cases  have  been 
reported  to  the  district  attorney  in  Illinois  regarding  samples  shipped 
from  Illinois  into  St.  Louis.  In  2  cases  it  was  found  by  analysis  that 
the  milk  was  skimmed  and  in  14  watered.  Twenty-six  cases  have 
been  reported  to  the  district  attorney  in  the  cities  adjoining  Chicago 
for  i^rosecution  for  adulteration  and  misbranding  milk  sent  into  that 
city ;  12  of  these  were  found  to  be  skimmed,  and  14  watei'ed.  Sixtj^- 
two  cases  have  been  reported  to  the  district  attorney  in  Kentucky  and 
Indiana  adjoining  Cincinnati,  and  9  cases  in  Kansas  City.  It  is  evi- 
dent that  if  a  jury  is  made  up  of  those  who  ji reduce,  it  is  hard  to  get 
a  conviction.  In  addition  to  the  113  cases  which  are  of  the  strongest 
l^ossible  character  on  which  conviction  coidd  be  easily  secured  a  much 
larger  number  is  evidently  adulterated  by  skimming  or  misbranding, 
but  these  were  not  reported  for  trial.  Wlien  very  rich  milk  is  watered 
or  partly  skimmed  and  tlie  resulting  fat  content  is  still  well  above  the 
standard,  only  very  strong  evidence  is  likely  to  convict.  The  general 
result  has  shown  that  a  large  percentage  of  the  milk  going  into  some 
of  oiu-  great  cities  is  either  watered  or  skimmed,  or  both.  It  is  very 
gratifying,  however,  to  find  from  the  investigations  that  almost  no 
milk  samples  liave  l)een  treated  with  preservatives. 

It  is  evident  fi-oni  the  above  brief  summary  that  the  national  law 
is  to  be  a  great  liclp  to  the  state  and  municipal  authorities  in  con- 
trolling achilteralioiis  and   misbrandiu"'  of  milk. 


26.  THE  MUNICIPAL  REGULATION  OF  THE  MILK 
SUPPLY  OF  THE  DISTRICT  OF  COLUMBIA. 
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THE  MUNICIPAL  REGULATION  OF  THE  MILK  SUPPLY  OF  THE 
DISTRICT  OF  COLUMBIA." 


By  \Vm.  Creighton  Woodward,  JI.  D..  IjI^.  M., 

Health  Officfi-  nf  tin'  District  of  Colinnhid. 


I.   THE  DEVELOPMENT  OF  THE  MILK-INSPECTION  SERVICE. 

Milk  is  a  food.  Legislation  for  the  regulation  of  the  milk  supply 
is  enacted  with  that  fact  in  mind,  and  not  infrequently  legislation 
relating  to  the  manufacture  and  sale  of  foods  generally  is  applicable 
as  a  ^\hole  or  in  part  to  the  production  and  sale  of  milk.  For  these 
reasons  it  has  been  deemed  expedient  in  discussing  the  municipal 
regulation  of  the  milk  supply  to  refer  rather  oftener  to  the  regula- 
tion of  the  general  food  supply  than  otherwise  would  have  been 
necessary.  It  is  interesting,  too,  to  note  how  changes  in  our  modes 
of  living,  or  increasing  knowledge  with  respect  to  the  sanitary  and 
mercantile  relations  of  foodstuffs,  have  altered  our  practice  with  ref- 
erence to  governmental  supervision  and  control.  The  inspection  of 
flour,  of  salted  provisions,  of  tobacco,  and  of  spirituous  licjuors,  in  the 
cities  of  Washington  and  Georgetown,  in  the  District  of  Columbia, 
was  early  provided  for,  but  the  regidation  of  the  sale  of  fresh  meats 
and  of  milk  is  of  comparatively  recent  origin. 

The  first  legislation  relating  to  the  sale  of  milk  of  whicli  I  have 
been  able  to  find  record  was  enacted  by  the  board  of  aldermen  and 
board  of  common  council  of  the  city  of  Washington  on  August  1, . 
1863.  The  ordinance  was  entitled,  "An  act  in  relation  to  cows,"  and 
.seems  to  have  been  directed  rather  against  the  nuisance  lial)le  to  arise 
from  the  keejjing  of  cows  than  against  any  supposed  efl'ect  wliich  in- 
sanitary conditions  in  and  about  cow  yards,  pens,  and  stables  might 

"For  the  information  of  readers  not  fimiiliar  witli  tlie  iulniinistratiou  of 
nninicii)al  nlfnirs  in  tlie  District  of  ('(ilnnil)ia,  a  memorandum  descriptive 
tliereof  iK  apponded.    (See  page  78!).) 
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have  npon  the  milk  issuinij  thei'efrom."  Apparently,  however,  it 
was  construed  to  prevent  the  selling  of  milk  under  certain  conditions 
since  we  find  enacted  by  the  sixty-third  council,  on  May  24,  18()6,  an 
act  entitled,  "An  act  explanatory  of  the  act  entitled,  'An  act  in  rela- 
tion to  cows,'  approved  August  1,  18()3,"  which  pi'ovided  simply  that 
the  tirst  section  of  the  earlier  act  should  be  so  construed  as  to  permit 
the  selling  of  milk  by  persons  who  keep  one  or  two  cows.''  The  situa- 
tion in  Georgetown,  then  a  separate  corporation,  must  have  been 
similar  to  that  existing  in  Washington,  for  on  April  22,  1865,  the 
board  of  aldermen  and  board  of  common  council  of  the  corporation 
of  Georgetown  enacted  an  ordinance  substantially  the  same  as  tliat 
previously  enacted  by  the  corporation  of  Washington,  but  further 
provided  that  no  person  should  be  permitted  to  feed  or  milk  a  cow  on 
any  of  the  public  streets  or  footways  of  the  city.'' 

The  next  record  of  action  looking  toward  the  regidation  of  the 
food  supply  of  the  District  of  Columbia  appears  in  the  act  of  Con- 
gress, entitled  "An  act  to  provide  a  government  for  the  District  of 
Columbia,"  approved  February  21,  1871,  which,  as  an  incident  to  the 
general  reconstruction  of  the  local  government,  created  a  board  of 
health  and  in  terms  made  it  the  duty  of  that  board  to  prevent  the 
sale  of  unwholesome  food  in  the  cities  of  Washington  and  George- 
town.''   This  board  seems  to  have  proceeded  with  admirable  prompt- 

"  ^\n   act  in  relation   to  cows. 

Br  it  riiarfril  hij  tlic  hoard  of  ahlcrmcn  and  hoard  of  common  council  of  the 
vitij  of  Wdxlriiif/ton,  That  from  and  after  the  first  flay  of  October,  eighteen 
hundrcil  iinil  sixty-three,  it  sluill  not  l)e  lawful  for  any  perswi  or  persou-s  to 
koc\>,  jirovide  for,  or  maintain  within  tlie  limits  of  the  city  of  Washington,  a 
cow  ynril.  ixMi,  or  stable  for  dairy  or  other  purposes,  nearer  than  two  hundred 
feel  of  ;uiy  dwelling  house,  other  than  the  dwelling  house  of  the  owner  or 
kecpcn'  of  such  yard,  pen,  or  stable,  under  a  penalty  of  not  less  than  one  nor 
more  than  five  dollars  for  each  day's  offense  so  continued;  to  be  prosecuted 
and  recovered  as  other  fines  and  penalties  due  the  eoi-poratioii  are  prosecuted 
and  recovered:  I'rovidrd,  lioiocver,  that  nothing  herein  contained  shall  apply 
to  iiersons  who  keep  but  two  cows  for  their  own  immediate  use. 

Skc.  2.  And  hi-  it  fitrthcr  enacted.  That  the  owner  or  keeper  of  any  cow  yard, 
pen,  or  stable,  (u-  other  place  wliere  cows  are  kept,  within  the  limits  of  the  city 
of  Washington,  sliiill  daily  remove  the  filth  from  and  keep  clean  such  yard,  pen, 
.stable,  or  other  place,  under  a  penalty  of  not  le.ss  than  one  or  more  than  five 
dollars  for  each  jind  every  offense;  to  lie  recovered  as  provided  for  in  the  first 
section  of  this  bill. 

The  connnissioiiers  of  the  several  wards  and  police  officers  of  the  city  are 
instructed  to  report  and  prosecute  any  and  every  infringement  of  this  act. 

Approved  August  ],  1.SG.3. —  (Ijaws  of  the  corporation  of  the  city  of  Wash- 
ington passed  by  the  sixty-first  council,  chap.  4.) 

'' tiaws  of  the  corporation  of  th(!  city  of  Washington,  jiassed  by  the  sixty- 
third  council,  chap.  27. 

'Ordinances  and  resolutions  of  the  corporation  of  (ieorgetown,  1805,  page  24. 

''It;  Stat.  U,  424. 
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ncss  and  energy  to  the  discharge  of  its  duties,  for  on  May  15,  1871, 
within  about  five  weeks  after  the  day  of  its  organization,  the  board 
took  steps  to  prevent  the  sale  of  unwholesome  food  in  the  cities  of 
Washington  and  Georgetown  by  enacting  an  ordinance  for  that 
purpose.  This  ordinance  in  so  far  as  it  relates  to  the  sale  of  milk 
was  as  follows: 

Sec.  2.  And  be  it  further  ordained  and  enacted.  That  •no  person  shall  manu- 
facture, prepare,  or  sell  any  liquor  used  for  drink,  whether  malt,  vinous,  or 
ardent,  or  milk  of  cows  or  goats,  intended  to  be  nsed  as  food  or  drink,  which 
has  been  adulterated  with  any  poisonous  or  deleterious  ingredient ;  and  any 
person  violating  the  provisions  of  this  section  shall,  upon  conviction,  l)e  pun- 
ished by  a  fine  of  not  less  than  fifty  nor  more  than  five  hundred  dollars  for 
each  and  every  such  offense. 

Sec.  7.  And  be  it  further  ordained  and  cnaeted.  That  no  person  shall  offer 
for  sale,  or  keep  for  such  purpose,  any  unwholesome,  watered,  or  adulterated 
milk,  or  swill  milk,  or  milk  from  cows  kept  up  and  fed  on  garbage  swill  or 
other  deleterious  substance;  nor  shall  any  person  make  for  sale  any  butter  or 
cheese  from  such  unwholesome  milk ;  and  any  person  violating  the  provisions 
of  this  section  shall,  upon  conviction,  be  punished  by  a  flue  of  not  loss  than  five 
nor  more  than  twenty-five  dollars  for  each  and  every  such  offense.  Passed 
May  15,  1871." 

Strange  as  it  may  seem  to  the  sanitarian  of  to-day,  and  yet  appa- 
rently quite  in  keeping  with  the  then  prevailing  ideas,  while  this  ordi- 
nance very  clearly  and  positively  required  that  places  where  meat  and 
vegetables  were  sold  for  food  should  be  kept  in  a  clean  and  whole- 
some condition,  and  that  meat  and  vegetables  shoidd  not  be  allowed 
to  become  poisoned  or  infected  or  unfit  for  food,  no  such  provision 
was  enacted  with  respect  to  the  sale  of  milk.  The  board  of  health 
held,  however,  advanced  ideas  with  respect  to  the  production  of  milk 
for  sale  and  in  its  first  annual  report  says : 

The  proper  diet  of  cows  is  also  a  measure  of  vital  moment  to  that  large  class 
of  infants  and  others  who  subsist  chiefly  on  milk  and  its  preparations.  The 
deterioration  of  this  most  nourishing  secretion  by  swills  and  other  nefarious 
compounds  has,  in  our  large  cities,  vastly  increased  the  percentage  of  deaths 
from  diarrhea  and  cholera  infantum.'' 

In  the  second  annual  report  of  the  board  of  health,  under  dale  of 
October,  1873,  the  food  inspectors  in  the  service  of  the  board,  Messrs. 
William  Wolf  and  Robert  Wilson,  and  Dr.  Charles  Allen,  drew  atten- 
tion to  the  importance  of  a  good  milk  sui)ply.  These  iuspeclors  seem 
to  have  realized  even  then  the  importance  of  the  inspection  of  milk 
at  the  place  of  production,  a  feature  of  milk-inspection  service  that 
on  the  part  of  sanitarians  generally  did  not  receive  the  consideration 
that  it  deserved  until  about  twenty  years  later.    Their  practical  expe- 

» Report  of  Board  of  Health,  TS72,  pp.  o:!.  (il. 
Miepiirt  of  Hoard  of  Health,  1X72,  p.  18. 
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rience  must  have  taught  them,  too,  tho  only  ■svay  in  which  the  milk 
supply  of  tho  I)istri<'t  could  ever  be  controlled  at  its  source,  viz,  by  a 
system  of  permits  or  licenses,  a  method  which  was  adopted  in  the  Dis- 
trict in  1895  and  which  has  since  come  into  more  or  less  general  use 
throughout  the  country.  ^A'hat  these  men  say  with  respect  to  this 
matter,  in  view  of  the  time  when  it  was  siiid,  is  well  worth  quotation 
at  length : 

Tlie  milk  .supply  of  tLis  District  is  from  dairies  established  in  the  county, 
and  in  the  neighboring  States  of  Virginia  and  Maryland;  and  as  a  proi)er 
inspection  would  include  the  examination  and  sanitary  control  to  some  extent 
of  the  dairies,  as  well  as  the  milk  when  offered  for  sale  here,  we  reconnuend 
that  the  hoard  require  dealers  to  procure  permits  before  they  can  dispose  of 
their  milk  here.  By  this  naeans  supervision  might  be  obtained  over  them,  even 
in  Virginia  and  Maryland,  and  we  doubt  not  that  the  dairymen  would  readily 
adopt  suggestions  looking  to  the  proper  preservation  of  their  milk  from  un- 
healthy contaminations." 

And  the  then  health  officer,  Dr.  P.  T.  Keene,  in  submitting  to  the 
board  of  health  the  report  of  the  food  inspectors,  recommended  that 
"  the  regular  inspection  of  dairies  and  the  requirement  of  licenses  to 
vendors  of  milk  under  strict  provisions  should  at  once  be  instituted.''  * 

In  its  third  annual  report,  covering  the  year  ending  September  30, 
1874,  the  board  of  health  published  a  statement  by  Dr.  B.  F.  Craig, 
its  chemist,  who  had  analyzed  a  number  of  samples  of  milk,  most  of 
which,  said  Doctor  Craig,  "  appeared  to  have  some  portion  of  the 
cream  removed,  or  else  to  have  been  originally  of  poor  quality."' 
After  commenting  upon  possible  sources  of  error  in  the  use  of  the 
lactometer  and  upon  the  importance  of  chemical  examination,  he 
adds: 

but  before  chemical  examination  can  produce  any  effect  there  should  be  a 
legal  detinition  of  the  character  of  what  can  be  sold  as  milk  and  what  may  be 
sold  as  sUinun(xl  milk,  and,  I  would  suggest,  of  what  may  be  sold  as  cream. 
The  law  can  at  present  take  hold  of  nothing  but  the  proved  addition  of  water 
or  oth(>r  adulterants.  It  should  also  be  made  to  cover  the  case  of  removal  of 
cnnini,  anil-in  fact  to  exclude  from  the  market  all  milk  below  a  certain  quality, 
that  quality  being  determined  by  the  amount  of  water  in  the  milk  and  the 
amount  of  fatty  matter  or  cream  to  be  obtained  from  it.'' 

The  health  officer,  in  his  report  to  the  board  of  health  for  1875, 
again  calls  attention  to  the  importance  of  inspecting  milk  at  the 
places  of  production: 

Foi-  ineals  and  milk,  per  example,  the  most  Important  of  all,  we  are  entirely 
at  the  mercy  of  the  producers,  and  must  continue  so  to  be  until  the  abattoir, 
or  some  other  system,  be  established  by  which  it  may  be  possible  to  inspect , 
every  animal  at  the  time  of  slaughtering,  and  until  some  carefully  organized 
plan  of  checking  adulteration  of  milk  be  inaugurated.  *  *  *    And  this  I  find 

"  Iteport  of  Board  of  Health,  ]S72,  p.  124. 
''  Keport  of  Board  of  Hc.ilth,  1872,  p.  121. 
"^Keport  of  Board  of  Health,  1S74,  pp.  20(1,  207. 
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is  I  he  principal  acted  upon  in  many  of  tlio  European  cities.  Aiming  to  control 
III.'  t'ountains  of  supply,  the  autliorities  largely  prevent  deleterious  and  adul- 
tri.iti'd  food  from  reaching  the  hands  of  the  retailers." 

riie  board  of  health,  in  its  annual  report  for  1877,  the  last  report 
it  w  ;is  ever  to  issue,  again  called  attention,  but  only  in  a  general  way, 
t(i  tlie  importance  of  supervising  the  sale  of  milk,  and  particularly 
In  ilie  relation  between  the  i)roduction  of  milk  under  insanitarj^  con- 
ditions and  the  unwholesomeness  of  the  article  jDroduced.* 

For  several  years  past  the  board  of  health  had  had  the  services  of 
an  analytical  chemist  to  assist  it  in  procuring  and  maintaining  the 
purity  and  wholesomeness  of  the  food  supply,  but  with  the  advent  of 
the  fiscal  year  187G-77  his  name  disappears  from  the  records.  The 
situation  is  graphically  shown  in  a  resolution  that  appears  in  the 
minutes  of  the  board  for  June  30,  1876 : 

On  motion  of  Professor  Laugston  it  was  ordered  that  all  employees  of  the 
board  except  the  fiouudmaster  and  the  force  serving  under  him  be  disehai-ged 
to  take  effect  this  day. 

The  board  of  health  was  being  strangled  to  death  by  the  withdrawal 
of  the  funds  necessary  for  its  operations.  Arrangements  were  made 
for  the  continuance  of  the  work  of  the  board  with  a  very  much  re- 
duced force,  but  the  board  died  on  June  11,  1878.  No  provision  was 
ever  again  made  for  the  appointment  of  an  analyst  for  the  board  or 
for  its  successor,  the  health  department,  until  July  28,  1892.  In  the 
meantime,  in  so  far  as  related  to  the  analysis  of  foods  and  other  ar- 
ticles, the  board  of  health  and  the  health  officer  had  to  rely  on  such 
outside  assistance  as  they  might  be  able  to  obtain.  Although  it  had 
been  charged,  by  law,  with  the  duty  of  preventing  the  sale  of  un- 
wholesome food  in  the  cities  of  Washington  and  Georgetown,  and 
endowed  with  broad  legislative  power,  no  action  seems  ever  to  have 
been  taken  by  the  board  to  regulate  the  milk  supply  of  these  cities 
further  than  to  promulgate  the  ordinance  of  May  15,  1871,"  and  to 
enforce  that  ordinance  in  such  manner  as  its  available  force  would 
permit.  There  had  been  nuich  in  the  way  of  suggestion  and  recom- 
mendation for  improvement,  but  nothing  in  the  way  of  action.  The 
time  was  not  yet  ripe. 

The  board  of  health  of  the  District  of  Columbia  became  extinct 
with  the  passage  of  an  act  entitled  "  An  act  providing  a  permanent 
form  of  government  for  the  District  of  Columbia,"  approved  June 
11,  1878,  and  its  legislative  power  died  with  it.  The  new  law  pro- 
vided, with  respect  to  the  Ixiiird  of  licalth,  as  follows: 

That  in  lieu  of  the  board  of  health  now  authorized  by  law,  the  Connnissioners 
of  the  District  of  Columbia  shall  appoint  a  physician  as  health  officer,  whose 


"  Report  of  Board  of  Health,  1S75,  p.  72. 
*•  Report  of  Board  of  Health,  1S77,  p.  33. 
<=  See  page  741). 
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duty  it  shall  be,  under  the  direction  of  the  said  Commissioners,  to  execute  and 
enforce  all  laws  and  regulations  relating  to  the  public  health  and  vital  sta- 
tistics, and  to  i)erform  all  such  duties  as  may  be  assigned  to  him  by  Sixid  Com- 
missioners; and  the  board  of  health  now  existing  shall,  from  the  date  of  the 
appointment  of  said  health  officer,  be  abolished." 

Although  the  act  itself  set  forth  that  the  health  officer  should  be 
aijpointed  in  lieu  of  the  board  of  health,  as  a  matter  of  fact  his  duties 
Tvere  substantially  the  same  as  those  of  the  health  officer,  who  had 
previously  operated  under  the  direction  of  the  board  of  health;  the 
Commissioners  of  the  District  were  in  fact,  if  not  in  law,  the  suc- 
cessors to  the  board  of  health.  Neither  the  Commissioners  nor  tlie 
health  officer,  however,  were  authorized  to  j^ronuilgate  regulations 
relating  to  ])ublic  health,  but  were  authorized  merely  to  operate  under 
such  laws  and  regulations  relating  to  such  matters  as  were  then  in 
force  or  might  thereafter  be  enacted  by  Congress.  And  Congress, 
having  assumed  by  the  act  of  June  11,  1878,  exclusive  legislative 
control  of  the  food  supply  of  the  District,  made  its  first  move  toward 
that  end  on  January  25,  1879,  by  passing  an  act  entitled  ''An  act  for 
the  protection  of  dairymen,  and  to  prevent  deception  in  sales  of  butter 
and  cheese  in  the  District  of  Columbia.''  The  act,  as  its  title  impoils, 
was  solely  for  the  protection  of  dairymen  against  unfair  competition 
resulting  from  the  fraudulent  sale  of  oleomargarine  in  the  District 
of  Columbia  and  for  the  protection  of  the  community  from  such  sales. 
It  had  no  relation  whatsoever  to  matters  of  health,  and  frankly  per- 
mitted the  sale  of  oleomargarine  when  jDroperly  marked. 

The  validity  of  the  ordinances  of  the  defunct  board  of  health  ap- 
pears to  have  been  soon  questioned,  and  on  April  24,  1880,  Con- 
gress, by  a  joint  resolution  entitled.  "  Joint  resolution  legalizing  the 
health  ordinances  and  regulations  for  the  District  of  Columbia,"' 
legalized  certain  of  the  ordinances  enacted  by  the  board  of  health, 
among  them  an  ortlinance  to  prevent  the  sale  of  unwholesome  food  in 
the  cities  of  Washington  and  Georgetown."  These  ordinances  and 
the  ordinances  relating  to  the  location  and  keeping  of  cow  yards,  pens, 
and  stables,  previously  enacted  by  the  boards  of  aldermen  and  com- 
mon coimcils  of  the  corporations  of  Washington  and  Georgetown,  rep- 
resented at  tills  time  the  entire  body  of  laM-  in  force  in  the  District  of 
Columbia  relating  to  the  production  and  sale  of  milk.  Crude  as  it 
ap]iears.  it  was  i)robably  in  keeping  with  the  then  prevailing  ideas 
concerning  the  regulation  of  the  production  and  sale  of  this  food, 
although  it  was  very  far  behind  the  needs  of  the  situation,  as  viewed 
by  the  board  of  health  itself  and  as  set  forth  in  its  several  annual 
reports. 

"  20  Stat.  I..,  107. 
t>  20  Stat.  L.,  204. 
<•  21  Stat.  I..,  304. 
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All  questions  relating  to  the  production  and  sale  of  milk  seem  to 
have  Iwen  in  abeyance,  and  the  dairy  farmer  and  the  milk  dealer,  the 
sanitary  authorities,  and  the  consumer  of  milk  rested  content  with 
existing  conditions  until  the  fiscal  year  1882-83.  We  find  then, 
in  the  rei)ort  of  the  health  officer.  Dr.  Smith  Townshend,  for  1883,  the 
following  suggestion,  contained  in  a  report  by  Dr.  B.  G.  Pool,  medi- 
cal sanitary  inspector.  The  statement  refers  to  certain  investigations 
that  Doctor  Pool  had  made  to  ascertain  the  causes  of  cases  of  dijih- 
theria,  scarlet  fever,  and  tyjjhoid  fever : 

Ou  inquiry  as  to  tlie  source  of  aiiJk  supply,  it  was  fouud  that  many  persons 
were  unable  to  give  the  name  or  residence  of  their  millvman,  seeming  to  cmi- 
sider  themselves  fortunate  if  they  were  able  to  secure  the  service  of  a  "  country- 
man." It  is  suggested  as  desirable  that  some  provision  should  be  made  for  the 
regular  inspection  of  the  sources  of  millv  supply,  not  only  as  to  the  quiUity  of 
the  milk  itself,  but  that  inquiries  be  made  to  ascertain  the  prevalence  of  con- 
tagious diseases  among  the  families  of  the  milkmen." 

Althougli  no  record  appears  of  any  effort  having  been  made  to  jiro- 
cure  the  enactment  of  the  legislation  necessary  for  the  establishment 
and  maintenance  of  a  system  of  milk  inspection  embodying  the  super- 
vision and  control  of  places  of  production  and  sale,  yet  the  health 
officer  undertook  in  the  following  year  to  inspect  the  dairy  farms  from 
which  the  milk  suj^ply  of  the  community  was  drawn.  In  his  report 
for  1883-84,  after  recounting  certain  facts  tending  to  show  the  im- 
portance of  the  proper  supervision  of  the  milk  supply,  he  says: 

With  such  facts  as  these  before  us  it  becomes  apparent  that  in  making  an  ex- 
amination to  ascertain  as  to  the  comparative  purity  or  impurity  of  the  milk 
supply  of  a  city  the  health  officer  must  go  farther  than  the  making  of  an  analy- 
sis of  samples  of  the  various  milks  sold.  His  influence  must  be  felt  by  the  pro- 
ducer as  well  as  by  the  middleman  who  comes  between  the  iiroducer  and  the 
consumer. 

The  entire  subject  is  discussed  in  a  thoroughly  scientific  spirit,  but 
the  report  does  not  set  forth  with  any  satisfactory  detail  the  results 
of  the  investigation  which  was  made,  nor  does  it  appear  that  any  ac- 
tion was  taken  even  at  this  time  looking  toward  the  establishment  of  a 
proper  milk-inspection  service.''  The  health  officer,  like  his  forerun- 
ner, the  board  of  health,  was  moving  in  advance  of  the  times. 

Current  reports  in  the  spring  of  1888  seem  to  have  alleged  the 
prevalence  of  adulteration  of  food  and  drink  in  the  District,  for 
on  April  10,  1888,  the  health  officer  calls  attention  of  the  Commis- 
sioners to  the  fact  that  the  healtli  department  is  witliout  an  analyst, 
and  in  his  annual  report  for  that  year  he  states  that  the  inspector 
of  asphalts  and  cements  of  the  engineer  department,  who  has  been 
analyzing  for  the  health  department  certain  samples  submitted  to 

«  Report  of  the  Health  Officer,  1882-83,  p.  39. 
I-  lleport  of  the  Health  Officer,  1883-84,  pp.  15  et  seq. 
1414— HuU.  .0(1—0!) 48 


lOli- 


754 

him,  had  very  much  reduced,  and  would  probably  further  redii 
the  amount  of  work  which  he  performed  for  the  health  departmi'. 
The  ajjpointment  of  a  chemist  for  the  health  department  was  reco 
mended-"  On  the  12th  of  October,  of  the  same  A'ear,  the  first  seri< 
effort  to  regulate  the  food  sup]:)]y  of  the  District  of  Columbia  that 
had  ever  been  made  consummated  in  the  enactment  by  (congress 
of  an  act  entitled,  "An  act  to  ])revent  the  manufacture  or  sale  of 
adulterated  food  or  drugs  in  tlie  District  of  Columbia." '' 

Tlie  food  and  drugs  act  of  October  12.  1888,  was  broad  in  its 
character,  seelting  to  prevent  within  the  District  of  Columbia  the 
adulteration  of  foods  and  drugs  generally.  The  term  "  food,"  as 
used  in  the  act,  was  defined,  however,  to  include  every  article  used 
for  food  or  drink  by  man,  other  than  drugs  or  water,  and  therefore 
included  milk.  The  general  direction  and  control  of  the  enforce- 
ment of  the  act  were  entrusted  to  the  Commissioner  of  Internal  Reve- 
nue; it  was  specified  that  the  analysis  provided  for  in  the  act  should 
be  under  the  control  of  the  Commissioner  of  Internal  Revenue,  under 
sucli  rules  and  regulations  as  might  be  prescribed  by  the  Secretary 
of  tlie  Treasury,  and  the  Commissioner  of  Internal  Revenue  was 
\  ested  with  authority  even  to  declare  certain  articles  or  preparations 
to  be  exemjDt  from  the  provisions  of  the  act.  By  virtue  of  authority 
conferred  by  this  act,  the  Secretarj'  of  the  Treasury,  under  date  of 
November  20,  1888,  promulgated  certain  regulations  concerning 
analysis  of  foods  and  drugs  in  the  District  of  Columbia.  He  under- 
took to  fix  standards  for  certain  specified  foods,  among  them  milk, 
and  specified  certain  substances  as  "  known  to  be  injurious  to  health 
when  present  in  foods."  Others  he  described  as  "  known  to  produce 
more  or  less  toxic  effects,  and  whose  use  in  food  is  therefore  harm- 
ful." Other  substances  were  designated  as  "  harmless  coloring 
mattci-s."    The  standard  fixed  for  milk  was  as  follows: 

.MilU;  WUoIe  (pure)  milk,  the  minimum  specific  gravity,  "actual  density," 
shall  be  1.0:!0  at  00°  F.,  and  the  milk  shall  contain  not  less  than  13  parts 
in  100  of  solids,  iis  follows:  Fat,  3.5:  solids,  not  fat,  9.5;  water,  not  more  than 
S7.  'Plic  removal  of  cream,  the  addition  of  water,  foreign  fats,  or  colorhig 
ni;illcr  will  lie  considered  adulterations. 

.V  I'onii  was  pro\i(ied  upon  whicii  any  person  entitled  under  the 
law  lo  lia\c  a  sami^le  of  any  food  or  drug  analyzed  might  make 
application  lo  the  Conunissioner  of  Internal  Revenue  for  that  pur- 
|i()sc.  It  was  r('(iuir('(l  that  applications  be  made  in  triplicate,  one 
(o  be  i-elunied  to  tlie  ap])licant  with  the  report  of  the  analyst, 
another  lo  be  filed  witli  the  United  States  district  attorney,  and 
the  tliird  (o  lie  retained  bv  the  Commi.ssioner  of  Internal  Revenue.' 


"  l!<'porl  (it  llic  llc^illli  Olllcer,  1SS7-SS,  ]>p.  24,  25. 

''25  Still.  1...  .'")l;). 

<■■  Instrncllons  lo  Internal  Jtevenue  ()Micei-s,  Series  7,  No.  15,  Nov,  20,  1888. 
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The  means  had  been  provided  b}^  which  any  interested  person, 
whether  a  mere  private  purchaser  or  a  representative  of  the  health 
department,  could  procure  an  analysis,  the  ordinary  purchaser  under 
any  circumstances,  but  the  representative  of  the  health  department 
only  when  he  suspected  that  the  sale  had  been  made  in  violation 
of  law.  Further  than  this  nothing  was  done.  The  Commissioner 
of  Internal  Revenue  waited  for  the  health  officer.  The  health  officer 
waited  for  the  Commissioner  of  Internal  Revenue.  The  result  was 
inevitable. 

In  his  report  for  ISSfl.  the  Commissioner  of  Internal  Revenue 
writes : 

Xo  samples  were  submitted  to  me  for  niuilysis  as  itrovUled  by  that  act  (act  of 
October  12,  1888).  This  office  is  of  the  opinion  that  the  failure  to  forward 
samples  of  suspected  food  for  analysis  may  be  ascribed  to  the  apathy  of  the 
general  public  and  that  of  the  health  department  of  the  District  of  Columbia." 

One  sample  was  received  in  1891,  but  the  nature  or  origin  of  it  is 
not  set  forth.  Two  samples  of  milk  were  analyzed  in  1892,  but  as  to 
the  origin  the  report  is  silent.'' 

The  act  making  apjjropriations  for  the  expenses  of  the  District  of 
Columbia,  approved  July  14,  1892,  authorized  the  appointment  of 
'*  one  sanitary  and  food  inspector,  who  shall  also  inspect  dairy  prod- 
ucts and  shall  be  a  practical  chemist."  On  July  28,  of  the  same  .year, 
John  D.  Hird  was  appointed  and  entered  upon  the  discharge  of  his 
duties.  The  makeshift  for  a  chemical  laboratory  that  was  then  pro- 
vided was  not  ready  for  use  until  December,  but  no  effort  was  made 
even  during  the  interval  to  operate  under  the  food  and  drugs  act  of 
October  12,  1888.''  After  the  laboratory  was  ready  for  use  successful 
prosecutions  were  brought  under  District  ordinances,  for  the  sale  of 
colored  milk  and  of  milk  that  had  been  watered,  but  it  was  found  that 
these  ordinances  i^rovided  no  penalty  for  the  sale  of  skimmed  milk. 
Recourse  was  thereujjon  had  to  the  act  of  Congress  of  October  12, 
1888,  relating  to  the  manufacture  and  sale  of  adulterated  foods  and 
drugs  in  the  District  of  Cohunbia,  and  to  facilitate  (he  operations  of 
the  health  officer,  the  Secretary  of  the  Treasury  designated  the  chem- 
ist of  the  health  department  as  an  analyst  to  make  analyses  under  the 
provisions  of  that  act."*  The  Commissioner  of  Internal  Revenue,  in 
his  rcijort  for  1894,  writes: 

The  act  of  October  12,  ISSS,  to  prevent  the  manufacture  or  sale  of  adulter- 
ated foods  or  drucs  in  the  District  of  (Columbia,  imposes  upon  this  olfice  the 
duty  of  analyzing  all  samples  submitted  for  decision  as  to  their  character. 
No  provision  has  been  made,  since  the  first  year  of  its  passage,  for  Increasing 

"  Report  of  Commissioner  of  Internal  Revenue,  1889,  p.  175. 
'  Report  of  Couunissioner  of  Internal  Revenue,  1892,  p.  205. 
'■  Report  of  the  Health  Officer,  IS'.V.i,  p.  10. 

''Reiiort  of  the  Health  Officer,  18iir?,  pp.  10,  11.  Instructions  to  Internal 
Revoime  Officers,  Series  7,  No.  15,  Revised,  p.  9.     August  10,  1893. 
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the  force  or  equipment  of  this  division,  in  connection  with  the  execution  of 
the  law  and  heretofore  no  such  increase  has  been  necessary  as  no  effort  has 
l)een  made  to  enforce  it,  consequently  few  samples  have  heen  presented.  In 
consequence  of  a  more  active  supervisicni  of  the  milk  supply  in  Washington 
by  the  local  health  authorities,  however,  a  number  of  samples  of  milk  were 
presented  to  this  office  during  August  and  September,  1803,  for  decisions  as 
to  their  adulteration  under  the  provisions  of  this  law.  As  the  time  required 
for  the  analysis  of  these  samples  and  for  the  rendering  of  expert  testimony 
thereon  in  court  threatened  to  interfere  seriously  with  the  regular  work  of 
the  division,  revised  regulations  were  issued  (Series  7,  No.  15  revised)  pro- 
viding for  the  analysis  of  all  such  samples  b.v  the  chemist  of  the  health  office 
of  the  District  of  Columbia,  under  the  control  and  supervision  of  this  office. 

Reports  were  accordingly  received  from  this  officer  from  September,  1S0.3, 
up  to  the  close  of  the  fiscal  year,  of  the  analysis  of  17  samples — 15  of  milk,  1  of 
butter,  and  1  of  granulated  sugar — all  of  which  were  decided  to  be  adulterated 
and  so  certified  to  the  district  attorney  for  the  District  of  Columbia.  I  would 
suggest  in  this  connection  that  Congress  be  asked  to  either  provide  the  facili- 
'  ties  necessary  for  the  analysis  of  aH  sami)les  in  the  laboratory  of  this  office,  or 
to  so  amend  the  law  as  to  relieve  me  entirely  from  any  connection  with  its 
execution." 

After  the  amendment  of  the  regulations,  samjiles  of  milk  and  of 
other  articles  of  food  were  collected  by  agents  of  the  health  depart- 
ment and  duly  analyzed  by  the  chemist.  If  the  result  warranted  a 
prosecution,  the  usual  form  of  application  for  analysis  and  certifica- 
tion, provided  by  the  Commissioner  of  Internal  Revenue,  was  made . 
out  in  triplicate,  the  report  of  the  analyst  being  filled  in  by  the  chem- 
ist of  the  health  department.  After  stich  application  had  been  duly 
certified,  one  copy  was  filed  w-ith  the  district  attorney  and  the  prose- 
cution was  duly  proceeded  with.  The  method  was  cumbersome  and 
lacked  tlie  directness  essential  to  the  efficient  enforcement  of  a  statute 
by  criminal  procedure.  Reference  of  the  case  to  the  Commissioner  of 
Internal  Revenue  was  a  mere  form,  since  the  findings  of  the  chemist 
of  the  health  department  were  not  verified  in  the  office  of  the  Commis- 
sioner by  independent  analysis,  nor  was  the  vendor  given  an  opportu- 
nity to  be  heard.  The  enactment  of  this  law  was,  however,  of  impor- 
tance as  marking  a  definite  effort  toward  the  proper  control  of  flic 
food  supply  of  (he  District  of  Columbia  and  marking  also  the  estalj- 
lishment  by  regulati(m  of  a  standard  for  "wliole  (pure)  milk."  The 
chemist  of  the  board  of  health  had  recommended  the  establishment  of 
such  a  standard  on  November  10,  1874;''  its  establishment  became  an 
accomplished  fact  on  November  20,  1888.''  It  can  hardly  be  said 
that  any  undue  haste  was  displayed  with  respect  to  the  matter. 

The  possible  relation  between  the  milk  supply  and  the  prevalence 
of  typhoid  f(>ver  in  the  District  of  Columbia  appears  to  have  been 
called  directly  to  public  attention  for  the  first  time,  by  Prof.  J.  D. 

"  Report  of  Conmiissioner  of  Internal  Revenue,  1894,  page  197. 

*  Report  of  Board  of  Health.  1,S74,  p.  207. 

"  Instructions  to  Internal  Revenue  Officers,  Series  7,  No.  15,  p.  13. 
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Hird,  chemist  of  the  health  department,  in  his  report  for  the  year 
ending  June  30,  1893.    Professor  Hird  said: 

While  the  effect  of  lowering  the  nutritive  valuo  of  tlio  milk,  cither  by  the 
addition  of  water  or  the  removal  of  cream,  can  be  readily  com|irehended,  yet 
this  becomes  of  secondary  importance  when  we  compare  this  with  milk  that 
contains  the  germs  of  typhoid  and  scarlet  fever,  diphtheria,  and  tuberculosis  in 
its  various  forms.  Some  of  these  germs  grow  rapidly  in  milk  without  produ- 
cing any  visible  effect.  The  germs  of  typhoid  fever,  tuberculosis,  and  diphtheria 
may  thus  grow  and  be  consumed  with  the  milk  without  our  knowledge.  The 
tests  ordinarily  applied  fall  to  detect  the  specific  germs  of  these  diseases. 
*     *     * 

Some  of  the  common  putrefactive  bacteria  give  rise  to  poisons  while  growing 
in  this  fluid.  *  *  *  Cleanliness  and  care,  therefore,  become  of  tlie  most 
vital  importance  in  the  handling  of  the  milk  and  cans  in  which  the  milk  is  con- 
veyed, while  clean  stable.s,  pure  air  and  water  are  as  necessary  to  the  animal 
as  to  the  human  being. 

The  then  health  officer,  Dr.  C.  M.  Haniraett,  in  commenting  upon 
the  prevalence  of  typlioid  fever  at  that  time,  stated  that  in  some  cases 
the  disease  had  prevailed  in  families  who  used  water  from  the  same 
well,  and  in  others  where  families  received  their  milk  from  the  same 
cows,  and  recommended  the  close  and  frequent  ins])ection  not  only  of 
milk  and  the  dairy  establishments  which  supply  it,  V)nt  also  of  the 
cattle  composing  the  herd.  This  subject,  said  Doctor  Ilammett,  is  now 
receiving  the  earnest  attention  of  the  health  department,  with  a  view 
to  the  making  of  an  intelligent  and  effective  recommendation  to  the 
Commissioners  and  to  Congress." 

About  July,  1893.  Dr.  E.  C.  Schroeder,  of  the  Bureau  of  Animal 
Industry,  began  an  investigation  into  the  milk  supply  of  the  District 
of  Columbia.  Between  July  12,  of  that  year,  and  April  19,  1894,  18 
samples  of  milk  were  collected,  as  delivered  to  private  residences  or 
as  bought  in  the  stores  of  this  city,  and  1  was  obtained  from  a  herd 
in  Virginia.  Specimens  from  these  19  samples  were  injected  into  the 
peritoneal  cavities  of  40  guinea  pigs,  and  in  1  case  tuberculosis  re- 
sulted.'' The  investigation  made  by  Doctor  Schroeder  included  the 
examination  of  many  dairy  cows  supplying  milk  to  this  city,  and  out 
of  over  800  examined  between  5  and  G  per  cent  had  defective  udders." 
Referring  to  the  investigation  then  being  made,  and  particularly  to 
the  application  of  the  tuberculin  test,  the  Chief  of  the  Bureau  of 
Animal  Industry  wrote,  apparently  in  tlie  fall  of  1804,  as  follows: 

The  tcsling  of  cows  with  tuberculin  in  the  District  of  Columliia  is  now  in 
progress,  but  has  lu'cn  conniicnced  in  a  small  way  In  order  to  dtnelop  n  satis- 
factory plan  of  operations.  About  125  cows  liavi'  been  icsh'd,  and  I'd  per  cent  of 
these  were  found  to  be  affected. 

"Report  of  the  Health  Officer,  1893,  pp.  !>  to  12. 

fcliureau  of  Animal  Industry,  Bulletin  Xo.  7.  published  in  Is'.M.  pi>.  77  to  SI. 

c  Bureau  of  .\nimal  Industry,  Bulletin  No.  7,  published  in  1S!)1,  p.  87. 
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I  would  now  reoomrucnd  a  larger  force  and  nioi'o  vigoroiis  operations.  With 
the  present  forte  and  facilities,  but  a  few  tliousatid  dollars  can  lie  used  dm-ing 
the  year  out  of  the  $100,000  appropriated  for  this  purpose.  With  twice  as  many 
men  and  better  facilities  for  getting  over  the  gi-oinid  several  times  as  inucli 
work  can  Ite  accomplished. 

As  tuberculous  cows  are  taken  out  of  the  dairies  now  animals  must  be  put 
into  their  places,  and  it  is  desirable  that  these  shoidd  be  tested  before  they  are 
allowed  to  enter  the  stables  which  have  been  disinfected  and  freed  from  dis- 
ease. To  do  this  at  present  the  herd  inspection  must  be  interrupted,  and  as 
the  number  of  inspected  herds  increases  the  interruptions  will  be  more  fre- 
quent, until  the  herd  inspection  will  be  entirely  stoi)ped.  It  is  imi)ortant, 
therefore,  that  men  should  be  stationed  at  the  stock  yards  to  test  all  cows  that 
are  brought  into  the  District.  This  will  prevent  the  further  Introduction  of  the 
disease,  and  will  enable  us  to  keep  free  from  it  the  herds  which  have  already 
been  inspected. 

This  work  in  the  District  is  of  great  importance,  not  only  as  a  preventive  of 
disease  among  consumers  of  meat  and  milk,  and  to  guard  against  the  spread  of 
tuberculosis  from  the  District  into  adjoining  States  as  required  by  law.  but  as 
an  experiment  to  determine  various  questions  relating  to  the  prevalence,  recog- 
nition, and  prevention  of  tuberculosis  as  affecting  dairy  stock.  The  seientitic 
results  of  this  work  are,  therefore,  of  great  value  to  the  whole  country,  while 
the  practical  work  is  of  benefit  to  only  a  small  section.  These  seientitic  results 
are  urgently  needed  in  order  that  the  various  States  may  formulate  proper 
measures  for  protecting  their  citizens,  and  for  that  reason,  if  for  no  other,  tin 
work  should  be  pres.sed  to  early  completion. 

Under  any  circumstances  only  a  small  part  of  the  amount  appropriated  can 
be  expended  during  this  fiscal  year,  as  one-third  of  the  year  has  alreaa.\ 
(■lapsed.  More  rapid  work  also  means  more  thorough  work.  There  is  less  op 
portunity  to  shift  diseased  cows  from  the  uninspected  to  the  Inspected  dairies, 
and  the  lirst  inspection  should  be  completed  before  a  second  one  is  necessary. 

Detailed  recommendations  as  to  requirements  will  be  made  from  time  tn 
time  as  occasion  demands." 

No  record  has  been  fotind  to  show  what  further  recommendations, 
if  any,  the  Chief  of  the  Bureau  of  Animal  Industry  made  coneerniiii.; 
the  a])p]ication  of  the  tuberculin  test  to  dairy  cattle  in  the  District 
of  Columbia,  nor  to  show  even  why  the  work  that  had  been  begun 
was  abandoned.  The  reference  to  "  the  $100,000  aijpropriated  for  this 
IMirjiose,"  apparently  meaning  thereby  for  the  testing  of  dairy  cows 
in  the  District  of  Colnml)ia  with  tuberculin,  is  misleading.  A  care- 
ful investigation  has  failed  to  show  that  Congress  ever  made  an 
appropriation  for  the  purpose  named.  It  is  probable  that  the 
amount  stated  was  an  amount  set  aside,  formally  or  informally, 
by  the  Secretary  of  Agriculture,  for  the  eradication  of  tuberctt- 
losis  from  the  District,  from  the  gross  sum  appropriated  for  tlu' 
expenses  of  the  Bureau  of  Animal  Industry  during  the  fiscal  year 
1895.     The  appropriation  act  for  the  year  named '  authorized  the 

"Tenth  and  lIlcNcnth  Annual  Reports.  Bureiin  of  Animal  Industry,  1893-04. 
rublished  in    IS'.Ki.     Pages  32  and  33. 
''Act  of  August  s,  ISiJl,  28  Stats.,  209. 
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Secretary  of  Agriculture  to  use  any  part  of  the  money  appro- 
priated for  the  salaries  and  expenses  of  the  Bureau  of  Aninuil  Indus- 
try,  $800,000,  that  he  might  deem  uecessary  or  expedient  and  in 
such  manner  as  he  might  think  best,  to  prevent  the  spread  of  pleuro- 
pneumonia, tuberculosis,  sheep  scab,  and  other  diseases  of  animals, 
and  to  expend  any  jiart  of  the  appropriation  in  the  purchase  and 
destruction  of  diseased  or  exposed  animals  and  the  (juarantine  of  the 
same  whenever  in  his  judgment  it  might  be  necessary  to  prevent  the 
spread  of  such  diseases  from  one  State  to  another.  The  authority 
of  the  Secretary  of  Agriculture  to  set  aside  $100,000  for  the  eradica- 
tion of  tuberculosis  from  the  District  of  Columbia  under  the  terms 
of  this  act  seems  to  have  been  ample.  The  fact  that  this  appropria- 
tion was  made  to  apply  specifically  to  tuberculosis,  whereas  preceding 
appropriation  acts  had  not  named  this  disease,  suggests  that  Congress 
may  have  had  in  mind  when  it  was  made  the  inauguration  of  active 
operations  toward  the  eradication  of  tuberculosis. 

Whether  the  work  done  by  the  Bureau  of  Animal  Industry  in  the 
District  of  Columbia  during  1893  and  1894  was  prompted  by  the  then 
recent  discovery  of  tul)erculin  and  the  announcement  of  its  properties 
and  uses,  or  was  begun  because  of  the  general  sanitaiy  awakening 
that  had  been  brought  about  by  the  dread  lest  Asiatic  cholera,  then 
prevailing  in  certain  i)arts  of  Europe,  should  gain  entrance  and  foot- 
hold in  this  country,  the  record  does  not  disclose.  The  latter  circum- 
stance, however,  was  a  potent  factor  in  creating  a  popular  sentiment 
favorable  to  sanitary  improvement.  In  this  District  an  organization 
denominated  the  Sanitary  League  was  formed  and  popular  lectures 
on  subjects  related  to  hygiene  and  sanitation  were  held.  In  the  fall 
of  the  3'ear  appeared  the  first  report  of  the  then  newly  appointed  chem- 
ist of  the  health  department  showing  the  utter  inadequacy  of  existing 
legislation  for  the  j^rotection  ^f  the  milk  supply."  The  time  for 
action  had  come.  'The  Commissioners  asked  the  cooperation  of  the 
Medical  Society  of  the  District  of  Columbia  in  framing  necessary 
legislation,  and  the  society  promptly  appointed  a  committee,  consist- 
ing of  Drs.  C.  H.  A.  Kleinschmidt,  S.  S.  Adams,  and  W.  C. 
"Woodward,  to  investigate  the  subject  and  to  report  to  the  society.  The 
report  of  this  committee  was  submitted  on  June  13,  1894.  and  em- 
bodied a  draft  of  the  proposed  bill.  The  report  was  approved,  and 
the  proposed  bill  forwarded  to  the  Commissioners,  but  the  session  of 
Congress  had  advanced  so  far  that  favorable  action  was  impossible. 
The  legislation  suggested  was  later  approved  by  Dr.  1).  E.  Salmon, 
then  Chief  of  the  Bureau  of  Aninial  Industry,  Department  of  Agri- 
culture. It  became  a  law  on  March  2,  1895,  under  the  title  of  ".Vn 
act  to  regulate  the  sale  of  milk  in  the  District  of  Columbia,  and  for 

"  Report  of  the  Health  Officer,  1893,  pages  9  to  12. 
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other  purposes," "^  only  two  amendments  tending  seriously  to  impaii 
its  usefulness  from  an  administrative  standpoint  having  been  madr. 
The  food  inspectors  in  the  service  of  the  board  of  health  liad,  in 
October,  1873,  reconunended  that  persons  selling  milk  in  the  District 
of  Columbia  be  required  to  obtain  permits  in  order  to  obtain  a  basis 
for  the  proper  inspection  of  places  where  milk  was  produced  and 
sold,  and  of  the  cattle  from  which  it  was  drawn.  The  milk  law  of 
March  2,  1895,  had  now  accomplished  that  end. 

The  new  law  marked  a  departure  in  milk  legislation  from  estab- 
lished lines.  Theretofore  it  had  been  deemed  sufficient  to  examine 
milk  as  it  appeared  in  the  market.  Now  it  was  j^roposed  to  begin 
at  the  cow.  Previously  it  had  been  regarded  as  beyond  the  power 
of  the  community  to  go  outside  of  its  territorial  limits  to  control  the 
methods  employed  in  the  production  of  its  food  supply.  Now  it  was 
]3roposed  to  say  to  the  producer,  no  matter  where  located,  "  The  milk 
sold  in  our  jurisdiction  must  come  from  places  that  conform  to  certain 
requirements,  as  determined  by  inspection  by  our  own  agents.  If  you 
wish  to  sell  milk  of  this  kind,  and  none  other  can  be  sold  in  our  city, 
we  will,  if  you  desire  and  request  it,  insi^ect  your  establishment  for 
you."  It  must  be  admitted  that  the  District  of  Columbia  was  in  one 
way  peculiarly  well  situated  to  attempt  such  a  departure  from  estab- 
lished law  and  practice;  for  while  by  far  the  larger  part  of  its  milk 
supply  comes  from  the  States  of  Maryland  and  Virginia,  yet  any  law 
that  might  be  enacted  must  emanate  from  Congress,  vested  not  only 
witli  the  riglit  to  exercise  exclusive  legislation  in  all  cases  whatsoever 
over  the  District  of  Columbia,  but  also  with  the  right  to  regulate  in- 
terstate commerce.  Such  a  statute  might  be  enacted  by  that  body 
therefore,  with  less  likelihood  of  attack  than  if  enacted  by  a  State 
legislature  or  by  a  municipal  council. 

The  milk  law  enacted  in  1895  made  it  the  duty  of  the  health  offi- 
cer of  the  District  of  Columbia,  under  direction  of  the  Commission- 
ers, to  make  and  enforce  regulations  to  secure  proper  water  supply, 
drainage,  ventilation,  air  space,  floor  space,  and  cleaning  of  all  dairies 
and  dairy  farms  within  said  District;  to  secure  the  isolation  of  cattle 
suil'ering  from  any  contagious  disease,  and  to  carry  into  effect  the 
provisions  of  the  act.  These  regulations  were  duly  made,  and  under 
date  of  June  26,  1895,  were  approved  by  the  Commissioners.''  It  was 
the  belief  of  the  health  officer  that  these  regulations  should  be  spe- 
cific rather  than  general,  and  as  originally  drafted  they  were  of  the 
former  character.  Tlu>  then  attorney  for  the  District,  however,  enter- 
tained a  different  opinion,  and  in  deference  to  his  more  extended 
experience  with  respect  to  such  matters  the  regulations  were  reduced 

"  See  i)nKP  808  for  full  text  of  lii«-. 
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to  their  now  somewhat  general  form,  whether  wisely  or  unwisely  may 
properly  be  questioned.  They  have  been  amended  from  time  to  time 
and  in  the  form  in  which  they  now  exist  appear  elsewhere  in  this 
report.  So  also  do  various  extracts  from  the  building  and  police 
regulations  bearing  directly  upon  the  construction  and  management 
of  dairies.'^ 

The  milk  law  of  1895  represented  at  the  time  of  its  enactment  a 
departure  from  established  precedent.  It  was  a  more  or  less  experi- 
mental measure,  and  therefore  it  could  not  be  expected  that  it  would 
be  found  to  meet  perfectly  all  the  requirements  of  the  service  when 
put  into  ojjeration.  Experience  soon  revealed  defects,  and  efforts 
were  promptly  begun  to  correct  them.  As  early  as  December  15, 
1896,  bills  were  introduced  into  Congress  for  that  purpose,  and 
legislation  to  accomplish  the  desired  end  has  been  pending  before 
that  body  almost  continuously  ever  since.  The  result,  however,  has 
not  been  encouraging.  Bills  introduced  on  the  recommendation  of 
the  health  officer,  and  receiving  the  indorsement  of  the  Commissioners 
and  of  the  Medical  Society  of  the  District  of  Columbia,  have  been  uni- 
formly opposed  by  milk  interests.  Unfortunately,  it  has  been  im- 
possible in  the  drafting  of  legislation  to  deal  with  the  milk  interests 
as  with  a  unit.  The  men  who  are  engaged  in  the  production  of  milk 
and  in  some  cases  in  its  distribution,  and  those  who  are  engaged  solely 
in  buying  milk  and  delivering  it  to  the  consumer,  are  too  numerous 
and  too  widely  scattered,  and  their  interests  are  too  diverse,  to  have 
enabled  them  to  come  together  in  a  compact  organization  which  might 
be  reached  as  a  whole,  through  its  meetings  or  through  any  trade  or 
society  journal.  It  has  been  impossible  for  the  health  officer  to  sub- 
mit to  the  Commissioners  or  for  the  Conmiissioners  to  submit  to 
Congress  any  bill  to  regidate  the  sale  of  milk  in  the  District  with  the 
assurance  that  it  would  not  meet  with  more  or  less  formidable  op- 
position from  persons  interested  in  the  production  and  sale  of  milk, 
either  individually  or  as  an  organization.  The  fight  to  obtain  better 
legislation  to  regulate  the  sale  of  milk  has  always  been  carried  to  the 
committee  room,  at  the  Capitol,  and  the  fight  has  always  been  lost. 

AVhile  it  has  been  impossible  to  obtain  needed  amendments  to  the 
act  of  March  2, 1895,  regulating  the  sale  of  milk,  other  legislation  has 
been  enacted  that  has  modified  the  practice  of  the  health  department 
with  respect  to  the  supervision  of  the  milk  supply  and  the  mainte- 
nance of  the  milk-inspection  service.  By  the  act  of  February  17, 1898, 
entitled  "An  act  relating  t«  the  adulteration  of  foods  and  drugs  in  the 
District  of  Columbia,"''  the  required  chemical  composition  of  milk 
was  altered  so  as  to  raise  the  minimum  allowable  amount  of  butter 

"See  page  819. 
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fat  and  of  total  solids  in  -uiiolc  milk  from  3  per  cent  and  12  per  cent, 
respectively,  as  fixed  bj^  the  milk  law  of  March  2,  1895,  to  3^  per  cent 
and  124  per  cent,  respectively.  By  the  same  act  a  standard  for  the 
chemical  composition  of  cream  was  fixed,  requiring  a  minimum  of  20 
per  cent  butter  fat,  and  this  ad  chanfied  oeaerally  the  method  of  pro- 
curing samples.  By  the  act  making  appropriations  for  the  expenses 
of  the  District  of  Columbia,  approved  April  27. 1904,  the  following  pro- 
visos bearing  upon  the  enforcement  of  the  laws  and  regulations  relat- 
ing to  the  sale  of  milk  were  enacted,  and  thej'  wei'e  repeated  in  each  of 
the  District  ajopropriation  bills  passed  until  that  of  Maj'  26, 1908 : 

Provided,  That  no  officer  or  employee  of  the  health  department  shall,  during 
his  continuance  in  office,  serve  in  his  private  capacity  for  fee,  gift,  or  reward 
any  person  licensed  to  keep  or  maintain  a  dairy  or  dairy  farm  in  said  District, 
or  to  bring  or  to  send  milk  into  the  said  District,  or  any  iwrson  who  has  applied 
-or  is  about  to  apply  for  such  lieens(>,  or  any  manufacturer  or  dealer  in  foods, 
drugs,  or  disinfectants,  or  similar  materials:  Provided,  further.  That  every 
place  where  milk  is  sold  shall  be  deemed  a  dairy  under  the  law  for  purposes  of 
inspection." 

The  first  of  these  provisos  was  inserted  in  the  then  pending  appro- 
priation bill  in  connection  with  a  proposed  increase  in  the  salaries 
of  the  employees  in  the  service  of  the  health  department  whom  the 
proviso  was  most  likely  to  affect — that  is,  the  inspectors  of  dairy 
farms.  The  increase  in  salaries  was  not  made,  but  the  proviso  was 
allowed  to  remain.  The  eii'ect  was  to  deprive  the  inspectors  of  dairy 
farms  of  certain  of  the  opportunities  that  they  had  previously  had 
to  add  to  the  scant  incomes  that  their  official  positions  provided.  Of 
these  opportunities  they  had  theretofore  been  allowed  to  avail  them- 
selves from  time  to  time  as  demands  Avere  made  for  their  professional 
sei'viccs.  and  they  had  done  so  without  criticism  or  complaint.  The 
principle^  laid  down  in  this  proviso  is,  however,  recognized  as  emi- 
nently wise  and  proper,  and  yet  it  would  seem  that  the  fact  should 
be  recognized  that  its  enactment  into  law  reduced  the  possible  in- 
comes from  private  som'ces  of  the  employees  who  come  within  its 
scope,  and  that  due  compensation  should  be  made  because  of  that 
fact.  The  second  pi-oviso  has  unfortimately  failed  entirely  to  accom- 
plish the  purpose  for  which  presumably  it  was  enacted — that  is,  to 
require  every  vendor  of  milk  to  provide  himself  with  facilities  for 
storing  and  disti'ibuting  it  similar  to  those  required  of  proprietors 
of  licensed  dairies  under  like  circumstances.  The  failure  of  the  jaro- 
viso  has  l)een  due  to  the  insertion  of  the  words,  "  for  purposes  of 
inspection,"  the  effect  of  which  has  been  to  limit  the  purpose  for 
wliich  places  can  be  regarded  as  dairies,  in  which  places  milk  is  sold 
merely  a«  an  incident  to  some  other  business,  to  but  one  single  thing, 
inspection.  Neither  for  purpose  of  licensing  or  construction  or  man- 
agement do  the  dairy  regulations  apply. 
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The  most  recent  legislation  by  Congress  relating  to  the  sale  of 
milk  in  the  District  was  enacted  on  February  27,  1907,  under  the 
title  "An  act  to  amend  section  eight  hundred  and  seventy-eight  of 
the  Code  of  Law  for  the  District  of  Columbia.""  The  purpose 
of  the  amendment  was  to  extend  to  dairymen  the  right,  enjoj'ed  by 
dealers  in  other  beverages,  to  register  with  the  clerk  of  the  supreme 
court  of  the  District  of  Columbia  distinctive  marks  for  the  identifi- 
cation of  the  vessels  in  which  deliveries  are  made,  and  thus  to  secure 
exclusive  right  to  the  use  of  such  vessels,  under  pain  of  fine  or  im- 
prisonment imposed  on  any  jaerson  trespassing  against  such  right.'' 
The  general  statute  commonly  known  as  the  pure  food  and  drugs 
act,''  June  30,  190G,  by  its  terms  coveis  much  of  the  field  covered  by 
the  District  milk  act  of  March  2,  1895,  and  the  District  pure-food 
act  of  February  17,  1898 ;  so  much  so,  in  fact,  that  in  a  prosecution 
imder  the  act  last  named,  based  upon  the  sale  of  adulterated  millc, 
its  validity  was  attacked  on  the  ground  that  it  had  been  repealed  by 
implication  through  the  enactment  of  the  federal  pure  food  and 
drugs  act.  The  police  court  decided  that  the  local  statute  had  been 
so  repealed  and  acquitted  the  defendant,  but  upon  appeal  by  the 
District''  the  case  was  disposed  of  without  the  court  finding  it  neces- 
sary to  decide  whether  the  earlier  act  had  or  had  not  been  repealed. 
The  court  of  appeals,  however,  referring  to  the  question  of  repeal, 
said : 

The  question  as  to  the  entire  repeal  of  the  earlier  act,  the  operation  of  which 
was  conflned  to  the  District  of  Columbia  by  the  later  general  law,  is  one  of  great 
importance  that  ought  to  be  authoritatively  settled.  It  is  uufortuuate,  there- 
fore, that  the  police  court  did  not  content  itself  with  quashing  the  information 
and  disujissing  the  prosecution,  in  accordance  with  its  view  of  the  law,  witliout 
going  further  and  ad.iudging  the  defendant  not  guilty.  While  it  seems  prnhal)Ii' 
that  the  court  took  an  erroneous  view  of  the  law,  we  are  without  jurisdictiou 
to  express  an  cjpiuion  upon  the  question,  l)y  reason  of  the  judgment  actually 
rendered. 

.Since  the  rendering  of  the  decision  from  which  the  foregoing 
quotation  is  taken,  the  health  department  has  prosecuted  vendors  of 
adulterated  milk  and  cream  under  either  statute,  according  as  prose- 
cution under  the  one  or  the  other  was  most  convenient  or  seemed 
likely  to  yield  the  better  results,  and  the  question  as  to  whether  there 
lias  or  has  not  been  a  repeal  of  the  District  pure- food  law  of  February 
17,  1898,  has  not  been  settled. 

The  results  of  the  extensive  investigations  recently  made  b}'  the 
Federal  Department  of  Agriculture  into  the  condition  of  the  dairy 
farms  and  dairies  supplying  milk  to  the  District,  and  of  the  milk 

«34  Stats.,  1006. 

''See  l>age  818  for  full  text  of  this  law. 

"34  Stats.,  7(!8. 

''D.  C.  I'.  liurus,  :!li  Appeals,  1).  C,  20:j. 


764 

sold  here,  have  not  yet  been  officially  published.  The  results  of  tin- 
work  done  by  the  Public  Health  and  Marine-Hospital  Service  durin;.^ 
the  summer  of  IDOG,  in  connection  with  its  investigation  into  the  cause 
of  the  undue  prevalence  of  typhoid  fever,  appear  at  length  in  one  of 
the  I'ecent  bulletins  published  by  that  service.''  All  that  is  of  gener;il 
interest  of  the  report  of  the  conference  called  by  the  Commissioner^ 
of  the  District  on  March  30,  1907,  to  determine  what  should  be  doiif 
to  improve  the  milk  supply  has  been  printed  in  certain  circulais 
lately  issued  by  the  Department  of  Agriculture.*  As  valuable  as  tiii-; 
work  has  been,  yet,  in  view  of  what  has  already  been  published  con- 
cerning it  and  in  view  of  the  probable  issue  of  further  bulletins  relat- 
ing thereto,  all  of  which  are  or  will  be  available  to  those  interested  in 
the  subject,  it  does  not  seem  expedient  to  give  any  detailed  account 
of  it  here. 

It  could  not  be  expected  that  with  any  reasonably  rigid  enforce- 
ment of  the  laws  and  regulations  relating  to  the  production  and  sale 
of  millc,  and  the  manufacture  and  sale  of  foods  generally,  over  any 
considerable  period,  questions  of  construction  woiUd  not  arise  and  be 
submitted  to  the  courts  for  adjudication.  The  first  case  that  seems  to 
be  at  all  material  to  the  purposes  of  this  rejjort  is  District  of  Colum- 
bia V.  Lynham,''  decided  February  7,  1900.  The  case  arose  under  the 
provisions  of  an  act  relating  to  the  adulteration  of  foods  and  drugs 
in  the  District  of  Columbia,  approved  February  17,  1898,*  and  the 
particular  question  submitted  for  decision  was  whether  the  defendant, 
a  druggist,  charged  with  the  sale  of  a  drug  adulterated  within  the 
meaning  of  the  act,  was  entitled  to  acquittal  upon  showing  that  he 
■\vas  at  the  time  of  sale  ignorant  of  the  composition  of  the  substance 
sold.    The  court  says: 

In  the  trial  of  a  prosecution  nndcr  tliis  statute  it  is  incumbent  upon  tbe  Dis- 
trict of  Columbia,  in  wbose  name  tbe  prosecution  is  conducted,  to  prove  tbe  sale 
and  delivery  of  tbe  medicine  or  drug  by  tbe  defendant,  or  bis  possession  thereof 
for  iMirpose  of  sale,  and  that  the  same  was  adulterated  within  the  meaning  of 
tbe  statute.  Tbe  prosecution  ujion  such  proof  makes  out  a  prima  facie  case  of 
fiuilt  against  the  defendant;  and  it  is  no  defense  for  tbe  defendant  to  show 
simply  that  he  was  at  the  time  of  sale,  or  of  possession  for  sale,  ignorant  of  the 
fact  of  such  adulteration  of  tlie  drug  or  medicine.  lie  must  know  what  he  sells, 
(ir  proposes  to  sell,  and  that  it  conforms  to  tbe  standard  prescribed  by  law.  As 
a  registered  druggi.st,  he  holds  himself  out  to  tbe  iiul)lic  as  being  sutticiently 
skilled  to  know  and  understand  of  vvh;it  constituents  or  ingredients  the  drugs 
and  medicines  that  be  offers  for  sale  are  composed,  and  esiiecially  in  respect  to 
all  such  drugs  and  medicines  as  are  recognized  and  described  in  the  Pbarma- 

"  Public  Health  and  Marine-Hospital  Service,  Hygienic  Laboratory.  Riilletin 
No,  .S5.     February,  1!)07, 

''  I'.ureau  of  Animal  Industry,  Circular  1 1 1.  issued  ,Iune  22.  1IM>7.  Circular  1 14, 
Issued  August  20,  1!)07. 

''10  Appeals,  I>.  ('.,  ls,5,  _ 

''ao  Stats.,  24(>.  I 


765 

copoeia.  It  is  not  in  his  mouth  to  say,  when  it  is  shown  that  the  drug  was 
impure  or  adulterated  at  the  time  of  sale,  that  he  was  ignorant  of  the  fact.  If 
such  defense  could  be  allowed,  there  would  be  no  protection  to  the  public  against 
impurities  and  adulterations  of  drugs  and  foods. 

The  second  ca.se  to  be  decided,  "Weigand  v.  District  of  Columbia," 
decided  November  5,  1903,  involved,  among  other  things,  the  applica- 
tion of  the  principle  enunciated  in  District  of  Columbia  >\  Lynham 
(supra).  It  involved  also  the  construction  of  "An  act  to  regulate  the 
sale  of  milk  m  the  District  of  Columbia,  and  for  other  purposes," 
approved  March  2,  1895,^'  and  of  "An  act  relating  to  the  adulteration 
of  foods  and  drugs  in  the  District  of  Columbia,"  approved  February 
17,  1898.'^  Weigand  had  been  convicted  in  the  police  court  of  selling 
adulterated  milk,  to  wit,  milk  containing  less  than  3^-  per  cent  of 
butter  fat.  He  had  sought  to  show  by  evidence,  and  to  have  the  jury 
instructed,  that  the  provision  of  the  act  of  Congress  of  1808,  pre- 
scribing the  standard  of  milk  for  sale  in  the  District  of  Columbia, 
was  unreasonable  and  oppressive,  and  therefore  void.  But  the  court 
said: 

To  declare  an  act  of  Congress  unreMsouable  and  oppressive,  and  therefore 
void,  is  a  power  that  the  courts  can  not  exercise,  except  where  the  provision 
of  the  statute  is  shown  to  be  plainly  violative  of  some  provision  of  the  Consti- 
tution. The  subject-matter  of  the  act  of  1898  is  plainly  withiu  the  power  of 
Congress,  and  the  courts  can  uot  amend  or  modify  any  of  the  provisions  of  that 
act  so  as  to  bring  them  within  what  may  seem  to  be  reasonable  bounds.  They 
can  not  examine  questions  as  expedient  or  inexpedient,  as  politic  or  impolitic. 
Considerations  of  that  nature  must,  in  general,  be  .■\ddressed  to  the  legislature. 
Questions  of  policy  determined  there  are  conclusive  with  the  courts.  (License 
cases,  5  Wall.,  462,  475.)  If,  by  the  plain  words  of  an  act  of  Congress,  an  im- 
possible thing  was  required  to  be  done,  or  some  thing  done  in  an  impossible 
manner  (if  such  legislation  could  be  rationally  supposed  to  occur),  in  such  ease 
the  courts  would  have  no  alternative  but  to  declare  the  statute  to  be  incapable 
of  enforcement  in  the  particular  case.  But  statutes  are  not  to  bo  declared  void 
because  of  difficulty  of  construction,  or  because  of  apparent  hardship  in  their 
application;  nor  are  the  plain  words  of  a  statute  to  be  refused  their  application 
upon  any  theory  that  a  more  reasonable  provision  could  have  been  adopted  for 
the  state  of  case  presented.  All  statutes  must  receive  a  sensible  construction, 
such  as  will  eflwtuate  the  legislative  intention,  and,  if  possible,  so  as  to  avoid 
an  unjust  or  an  absurd  conclusion.  (Law  Ow  IVw  r.  United  States.  Ili  V.  S., 
47,  59;  Hawaii  v.  Manluchi,  190  U.  S.,  21S.)  It  is  true  a  nuuiicipal  ordinance 
professed  to  be  passed  under  a  general  or  imi)!ied  power  given  by  a  statute  must 
be  reasonable  and  lawful,  and  not  opjtressive,  and  if  it  be  not  so  it  will  be 
declared  void.  But  this  is  upon  the  presumption  that  tlie  legislature  did  not 
intend  by  the  general  terms  of  the  statute  to  authorize  the  making  of  such  an 
ordinance.  (1  Dill.,  Jinn.  Corj).,  sec.  .".lit;  Cooley,  Const.  I,im.,  192,  19,'?,  C>th  ed.) 
And  it  has  therefore  t)een  held  that  an  ordinance  can  not  l)e  held  to  be  unreason- 
able and  void  which  is  expressly  authorized  by  the  legisl;itiire.  (Coal  Float  v. 
The  City  of  Jefferson,  112  Ind.,  15;  Cooley,  Const.  Lim.,  241.) 
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In  this  case  the  offer  was  made  to  show,  and  the  court  was  requested  to 
declare,  not  that  the  act  of  CouKress  required  milk  to  conform  to  an  impossibli- 
standard  or  test,  or  tliat  the  uiillv  offered  for  saU;  should  contain  constituents 
that  nature  did  not  supply,  l)nt  that  the  standard  prescrilied  was  unreasonabl.i 
high,  and  could  not  by  ordinary  care  l)e  maintained  through  all  seasons  of  tin- 
year.  There  may  be  difficulty  in  lieepiug  up  the  standard  throughout  the  yeai . 
and  more  expense  and  greater  effort  may  be  required  at  some  seasons  of  tin 
year  than  at  others.  But  the  very  ob,ieet  of  the  statute  was  to  require  this 
more  than  ordinary  expense  and  lal)or,  on  the  part  of  the  owner  of  cows,  to 
keei)  up  and  maintaiu  the  prescribed  standard  of  milk  when  necessary:  and  this 
is  accomplisheil  by  iiroper  care  of  and  food  sniiplied  to  the  animals  jiroduciii^- 
the  milk.  For  it  is  well  known  that  the  quality  and  richness  of  milk  depend 
largely  upon  the  condition  of  the  animal,  the  care  with  which  it  is  kept,  and 
the  kind  and  quantity  of  food  supplied  to  it.  It  is  not  attempted  to  be  shown 
that  3^  per  cent  of  fat,  as  a  constituent  of  good  milk,  is  greater  than  can  be  sup- 
plied by  proper  care  of,  and  good  and  abundant  food  supplied  to,  the  cows. 
If  the  proposition  of  the  defendant  were  sustained,  the  question  of  the  reason- 
ableness of  the  statute  would  be  one  of  fact  for  the  .lury,  and  we  should  likely 
have  different  juries  determining  the  question  in  different  ways.  We  think  the 
court  was  clearly  right  in  its  ruling  upon  this  question,  and  in  holding  that 
the  question,  whether  the  standard  of  milk  prescribed  by  the  statute  was  reason- 
able or  not,  was  not  open  to  inquiry  on  the  trial. 

In  the  police  court  Weigand  had  been  denied,  too,  the  right  to  show 
by  evidence  the  specific  purpose  for  whicli  he  liad  in  his  jjossession 
the  milk  from  -which  the  sample  was  taken,  but  the  appellate  court 
found  no  error  in  the  exclusion  of  such  evidence,  saying: 

But  under  section  3  of  the  act  of  1898  the  question  is  whether  the  sale  was 
made  of  the  article,  which  was  in  fact  under  the  standard  prescribed  by  the 
law.  The  party  making  the  sale  is  bound  at  his  peril  to  know  what  he  is  sell- 
ing, and.  to  keep  within  the  law,  he  must  know  that  the  article  complies  with 
the  standard  of  excellence  and  purity  prescribed  by  the  law.  Unless  this  be  so, 
it  would  be  very  difficult,  if  not  impossible,  ever  to  convict  a  party  of  a  viola- 
tion of  the  law.  And  for  the  same  reason  the  court  below  was  right  in  refusing 
to  allow  the  defendant  to  introduce  evidence  to  show  for  what  puriiose  he  had 
kept  the  milk  on  hand — that  being  entirely  immaterial,  if  he  sold  the  milk  Ih.-it 
did  not  bear  the  test  prescribed. 

The  other  questions  decided  by  Weigand  /'.  District  of  Columbia 
are  not  material  for  present  purposes. 

The  third  case,  District  of  Columbia  v.  Garrison,"  decided  May  23, 
1005,  arose  under  the  provisions  of  "An  act  relating  to  the  adultera- 
tion of  foods  and  drugs  in  the  District  of  Colinnbia,"  approved  Feb- 
ruary 17,  1898,''  and  required  the  determination  of  the  extent  of  the 
right  of  the  insjjectors  in  the  service  of  tlie  health  de])artment  to 
purchase  samples  of  food  for  analysis,  luider  section  G  of  the  act, 
which  is  as  follows : 

That  every  ju-rson  olfcring  for  sale  or  delivering  to  any  purchaser  any  drug 
or  article  of  food  included  in  the  i>rovisions  of  this  act  shall  furnish  to  any 
analyst  or  other  otlicer  or  agent  of  the  health  department,  who  shall  apply  to 

«  2.T  Ajiiieals,  D.  C,  563. 
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him  for  the  purpose  and  shall  tender  him  the  value  of  the  same,  a  sample  suffi- 
cient for  the  purpose  of  analysis  of  any  such  drug  or  article  of  food  whicli  is 
in  liis  possession. 

The  defendant  had  declined  to  sell  to  an  inspector  one-half  pint 
of  milk  upon  the  tender  of  the  usual  price  therefor,  2  cents,  but  had 
offered  to  sell  one  entire  pint  for  4  cents,  alleging  that  he  sold  milk 
only  in  the  original  packages  in  which  he  received  it,  that  he  had  no 
package  containing  less  than  1  pint,  and  that  if  he  sold  a  half-pint 
from  such  a  package  the  remaining  half  pint  would  represent  a  loss 
to  him,  since  his  customers  knew  that  he  did  not  sell  milk  in  quan- 
tities less  than  a  pint,  and  that  therefore  he  had  no  demand  for  half 
pints.  The  police  court  having  sustained  the  position  taken  by  the 
defendant,  an  appeal  was  taken  on  the  recommendation  of  the  health 
officer.  It  was  apparent  that  if  one  dealer  were  permitted  to  refuse, 
oh  the  grounds  taken  by  the  defendant  m  this  case,  to  sell  less  than 
a  pint,  another  might  fairly  claim  the  right  to  refuse,  on  the  same 
grounds,  to  sell  less  than  a  quart,  and  so  on ;  that  if  inspectors  were 
required  to  accept  and  to  bring  to  the  laboratory  samples  as  large  as 
1  quart,  or  even  as  large  as  1  pint,  their  return  trips  to  the  labora- 
tory from  the  field  must  be  correspondingly  more  frequent  and  their 
working  capacity  correspondingly  diminished,  and  that  if,  on  the 
other  hand,  the  inspector  undertook  to  mix  the  pint  of  milk  thoroughly 
in  the  pint  jar  in  which  it  was  delivered  to  him  or  to  mix  a  quart  of 
milk  in  a  quart  jar,  and  to  abstract  therefrom  a  sample  for  analysis, 
the  fairness  of  the  sample  might  readily  be  called  into  question  in 
event  of  i^rosecution.  Moreover,  the  act  under  which  the  prosecution 
was  brought  limited  the  size  of  the  sample  which  the  inspector  might 
demand  to  "  a  sample  sufficient  for  the  purpose  of  analysis ;"  and  one- 
half  pint  of  milk  was  sufficient,  the  inspector  could  not  demand  more, 
and  it  was  not  apparent  why  he  should  be  required  to  accept  more; 
and  the  court  of  appeals  had  already  declared  (Weigand  v.  D.  C,  22 
Appeals,  D.  C,  551))  that  the  subject-matter  of  the  act  of  1898,  under 
whicli  act  the  right  to  purchase  the  sample  had  been  claimed,  was 
plainly  within  the  powei-  of  Congress,  and  that  the  courts  cotdd  not 
amend  or  modify  any  of  the  provisions  of  that  act  so  as  to  bring 
them  within  what  might  seem  to  be  reasonable  bounds;  that  they 
could  not  e.\amine  questions  as  expedient  or  inexpedient,  as  politic 
or   imi)()litic. 

The  court  nf  apjx'als,  liowcxcr,  after  denying  (hat  any  prineiph" 
was  involved  in  (lie  caM'.  and  iil'lei-  a  scathing  criticism  of  (he  jieahli 
department  for  llie  cuiirse  it   had  pursued,  said: 

A  reasonable  sample  is  \vli;il  is  required  l)y  the  act  of  Congress.  Under 
the  circumstances  of  this  case  .i  pint  was  a  reasonable  sample,  and  a  half  pint 
was  not  such  a  reasonable  sample.  The  ai)pellee  was  fully  witldn  liis  right, 
and  fully  performed  his  duty   in   tendering  the  former;    the   inspector  was 
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wholly  at  fault  in  deiuaiiding  the  latter  ami  Insistiiif;  iipo"  it  against  the  will 
of  the  ajjpellee. 

AVhat  may  or  may  not  be  a  reasonable  sample  is  a  question  for  which  per- 
haps no  positive  rule  can  be  laid  down  applicable  to  all  cases.  This  is  not 
for  the  determination  exclusively  either  of  the  insijector  or  the  dealer.  The  act 
requires  that  it  shall  be  "  sufficient  for  the  purpose  of  analysis,"  but  it  is  not 
competent  for  the  inspector  to  require,  because  he  thinivS  a  half  pint  of  milk 
sufficient  to  enable  him  to  make  a  satisfactory  analysis  of  such  milk,  that 
therefore  the  dealer  nuist  sell  him  such  half  pint,  when  thereby  the  value 
of  another  half  pint  would  be  destroyed  or  lost  to  the  dealer,  and  the  dealer 
is  willing  to  sell  an  entire  pint  at  au  additional  cost  of  merely  2  cents  to  the 
inspector. 

II.    ORGANIZATION    AND    DUTIES    OF    THE    MILK-INSPECTION 
SERVICE. 

Nothing  worthy  of  the  name  of  a  niilk-insi>ection  .service  can  be 
,  said  to  have  existed  in  the  District  of  Cohunl)ia  prior  to  the  passage 
of  the  act  of  Congress  of  March  2,  1895,  for  the  reguhition  of  the  sale 
of  milk.  Not  even,  in  fact,  was  a  milk-inspection  service  established 
by  that  act.  The  necessary  authority  was  conferred,  but  no  special 
inspectors  or  funds  were  provided  through  which  to  exercise  that 
authority,  and  the  health  officer  in  the  execution  and  enforcement 
of  the  law  had  to  rely  upon  the  inspectors  already  provided  for 
the  sanitary  and  food  inspection  service  generally,  and  upon  the 
allotment  made  by  the  Commissioners  for  the  contingent  expenses 
of  the  health  department  from  the  general  appropriation  for  that 
purpose.  The  health  department  had  no  veterinary  surgeon  in  its 
emi:)loy,  and  for  such  assistance  as  was  needed  in  the  way  of  inspec- 
tions requiring  the  education  and  training  of  a  veterinarian  had  to 
rely  upon  the  veterinary  surgeon  employed  by  the  District  govern- 
ment, at  a  salary  of  $400  per  annum,  for  all  departments  of  the  Dis- 
trict government.  The  situation  of  the  health  department  under  the 
circumstances  was  most  unfortunate;  errors  that  were  made  in  the 
early  days  of  the  service  because  of  an  insufficient  and  untrained 
inspection  force  have  come  up  fi'om  time  to  time  to  embarrass  the 
department,  and  have  been  corrected  with  difficulty,  if  at  all. 

The  conditions  found  as  the  result  of  such  early  inspections  as  were 
made  showed  in  many  cases  entire  ignorance  of  even  the  most  rudi- 
mentary sanitary  principles  connected  with  the  production  and  mar- 
keting of  milk.  The  stables  were  small,  poorly  lighted,  and  poorly 
drained.  Many  of  the  producers  of  milk  had  no  idea  of  the  impor- 
tance of  cooling  it  immediately  after  milking,  and  sometimes  did  not 
hesitate  to  store  it  in  living  rooms  and  kitchens."  The  condition  of 
the  cattle  can  be  best  understood  from  the  statement  made  by  Doctor 
Schroeder,  of  the  Bureau  of  Animal  Industry,  as  the  result  of  the 

"  Report  of  the  Health  Officer,  ISOO,  page  21. 
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examination  of  over  800  of  our  dairy  cattle  during  1893  and  1804, 
that  between  5  and  6  per  cent  had  defective  udders.''  Those  who  are 
sometimes  inclined  now  to  criticise  existing  conditions  would  be  able 
to  do  so  more  intelligently  and  fairly  were  they  familiar  with  the 
conditions  found  in  the  early  days  of  the  milk-inspection  service.  No 
good  purpose  would  be  served  by  here  recoiuiting  at  length  the 
various  steps  taken  for  the  improvement  of  the  service  that  was 
established.  It  is  sufficient  to  say  that  improvement  generally  has 
been  possible  only  as  appropriations  have  been  made  by  Congress  to 
bring  them  about,  and  that  requests  for  such  appropriations  have  not 
always  met  with  favorable  response.  A  statement  showing  the 
growth  of  the  milk-inspection  service  is  ajipended.*'  It  is  enough 
here  to  describe  the  milk-insiDection  service  as  it  now  exists. 

The  law  regulating  the  sale  of  milk  in  the  District  of  Columbia 
•  prohibits  the  maintenance  of  a  dairy  or  a  dairy  farm  within  the 
District  without  a  permit  from  the  health  officer.  It  does  not  define 
what  a  dairy  or  a  dairy  farm  is.  In  practice,  the  health  depart- 
ment has  held  the  term  "dairy  "  to  mean  the  business  arising  from 
milk  products,  or  a  store  devoted  to  the  sale  of  milk  and  its  products, 
and  has  held  the  term  "  dairy  farm "  to  mean  any  premises  upon 
which  milk  is  produced  for  sale.  Any  place  where  milk  is  sold  is 
regarded  by  the  law  of  the  District  as  a  dairy  for  pui'poses  of  inspec- 
tion, but  not  for  other  purposes.''  Permits  issued  under  the  provi- 
sions of  the  act  of  March  2,  1895,  have  been  issued,  therefore,  in 
three  distinct  series:  First,  permits  to  maintain  dairies  within  the 
District  of  Columbia;  second,  permits  to  maintain  dairy  farms 
M'ithin  the  District  of  Columbia;  third,  permits  to  bring  or  to  send 
milk  into  the  District  of  Columbia.  In  order  that  the  records  of 
the  health  department  might  show  the  number  and  the  location  of 
places  from  which  milk  is  distributed  as  distinguished  from  the 
number  and  location  of  places  where  milk  is  produced,  persons  main- 
taining dairy  farms  within  the  District  of  Columbia  and  distributing 
milk  directly  to  consumers  have  been  regarded  as  maintaining  dairies 
as  well  as  dairy  farms  and  have  been  required  to  obtain  a  permit 
for  each  purpose.  A  similar  practice  has  been  established  with 
respect  to  persons  maintaining  dairy  farms  in  adjacent  States  and 
distributing  the  milk  directly  to  consumers  within  the  District; 
they  have  been  required  to  take  out  permits  not  merely  to  bring  or 
send  milk  into  the  District,  but  also  to  obtain  permits  to  maintain 
dairies  within  the  District.  In  tlie  issue  of  permits  to  maintain 
dairies  to  persons  already  authoi-ized  to  bring  or  to  send  milk  into 

<•  Bureau  of  Animal  Industry,  HuUetin  No.  7,  published  in  1894,  page  87. 
*  See  page  702. 
"See  page  7C2. 
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the  District  tliey  have  not  been  required  to  maintain  fixed  places  of 
business  within  the  District,  but  their  dairy  farms  have  been  re- 
garded as  the  points  of  distribution.  Copies  of  the  forms  now  in  use 
for  application  and  for  permits  are  appended." 

The  inspection  service  is  naturally  divided  into  two  branches: 
On  the  one  hand  the  inspection  of  dairy  farms  and  on  the  other 
the  inspection  of  dairies.  But  whenever  a  permit  is  issued  for  the 
maintenance  of  a  dairy  on  a  licensed  dairy  farm,  either  within  or 
without  the  District,  then  inspections  of  the  dairy  are  intrusted 
solely  to  the  inspector  of  dairy  farms  already  having  the  premises 
under  his  supei'vision,  and  the  inspector  of  dairies  is  not  required 
to  visit  the  premises. 

The  insi)ection  of  dair\'  farms  requires  not  only  a  knowledge  of  the 
conditions  under  which  milk  should  be  produced,  but  also  a  knowl- 
edge of  cattle,  their  selection,  their  feeding,  their  general  manage- 
ment, and  their  diseases.  Such  work  is  therefore  best  intrusted  to 
veterinary  surgeons,  and  inspectors  of  this  class  have  always  been 
required  to  have  had  a  proper  veterinary  training  before  appoint- 
ment. The  inspection  of  dairies,  places  from  which  milk  is  sold  at 
retail,  requires,  however,  only  a  good  working  knowledge  of  the 
sanitary  principles  underlying  the  handling  of  milk.  For  these 
l)urposes,  therefore,  and  for  the  collection  of  samples  of  milk,  men 
have  been  selected  because  of  their  general  qualifications,  and  have 
not  been  required  to  have  special  training  or  experience  with  respect 
to  the  milk  business.  In  certain  cases,  in  making  appointments  of 
men  to  be  assigned  to  the  inspection  of  dairies,  weight  was  allowed 
to  the  fact  that  the  ai^plicants  had  been  engaged  in  the  dairy  busi- 
ness, but  the  result  can  not  be  said  to  have  justified  the  anticipations 
of  the  department. 

The  knowledge  and  experience  of  the  inspectors  of  dairy  farms  and 
the  inspectors  of  dairies  must  be  supplemented  by  knowledge  of  the 
chemical  composition  of  milk  and  of  milk  products,  and  of  water, 
and  by  a  practical  acquaintance  with  the  methods  of  analyzing  these 
substances.  A  chemist  is  employed  for  that  purpose.  The  knowledge 
of  the.se  inspectors  ought  to  be  supplemented  by  a  knowledge  of  the 
bacteriology  of  milk  and  of  milk  products,  and  of  water,  and  by 
ability  to  analyze  them  microscopically  and  bacteriologically,  but 
appeals  from  tiie  health  officer  for  an  appropriation  for  the  establish- 
ment and  maintenance  of  a  bacteriological  laboratory,  with  a  compe- 
tent bacteriologist  in  charge  of  it,  have  not  yet  been  favorabh'  acted 
ujjon.  For  the  proper  supervision  and  control  of  the  work  of  the 
inspection  of  dairy  farms,  and  of  dairies,  and  of  the  work  of  the 
chemist,  records  must  be  kept  and  a  very  considerable  volume  of  cor- 

"  Soo  page  703. 
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1 1 -pondence  handled,  imposing  upon  the  departnient  a  hirge  aiuount 
I  I  clerical  work.  The  amount  of  correspondence  arising  in  connec- 
iiuu  with  the  milk-inspection  service  is  very  large,  because  so  many 
(I'  the  persons  producing  milk  for  sale  within  the  District  and  whose 
1  realises  are  under  inspection  reside  at  points  more  or  less  remote 
iicun  the  city.  The  milk-inspection  service  is  organized,  in  order  to 
1  licet  the  conditions  described  above,  as  follows:  (a)  Supervision; 
( /' )  insjDection  of  dairy  farms ;  (c)  inspection  of  dairies ;  (d)  inspec- 
i  i  nil  of  milk. 

SUPERVISION. 

The  magnitude  and  importance  of  the  milk-inspection  service  amply 
jii-tifies  the  employment  of  a  chief  inspector,  to  devote  his  time 
1  xclusively  to  sujDcrvising  the  work.  The  work  to  be  done,  however, 
r;iils  for  special  qualifications,  and  men  possessing  such  qualifications 
c  ;iu  not  be  induced  to  enter  the  service  of  the  Government  and  aban- 
linii  all  else,  especially  with  no  assured  tenure  of  office,  unless  they  are 
reasonably  well  paid.  And  no  provision  has  ever  been  made  for  so 
compensating  any  such  officer.  As  a  matter  of  expediency,  therefore, 
the  supervision  of  this  service  is  divided.  The  chief  inspector  of  the 
health  department  is  responsible  for  the  sanitary  condition  of  places 
where  milk  is  sold  within  the  District  and  for  the  collection  and 
analysis  of  samples  of  milk  and  cream.  The  supervision  of  the  places 
where  milk  is  produced,  the  dairy  farms,  whether  within  or  without 
the  District,  and  the  keeping  of  the  records  pertaining  to  such  places, 
is  intrusted  to  a  sanitary  and  food  inspector  detailed  for  that  purpose. 

The  iusi:)ector  in  charge  of  the  contagious-disease  service  is  re- 
quired, in  investigating  such  cases  of  typhoid  fever,  scarlet  fever, 
and  diphtheria  as  come  to  his  notice,  to  ascertain  whether  they  have 
possibly  had  their  origin  in  the  milk  sujiply,  and  on  the  slightest 
suspicion  to  cooperate  with  the  chief  inspector  and  the  inspector  in 
charge  of  the  dairy-farm  service  in  ascertaining  the  exact  facts  of 
the  case,  and,  under  direction  of  the  health  officer,  in  taking  such 
remedial  action,  if  any,  as  may  be  found  advisable. 

The  inspector  in  charge  of  the  dairy-farm  service  is  supposed  to 
devote  at  least  one  day  each  week  to  the  personal  inspection  of  the 
dairy  farms  under  his  supervision,  and  the  chief  inspector  or  his 
assistant  is  expected  to  be  in  the  field  at  least  one  day  each  week 
looking  after  the  work  of  the  general  inspection  service,  which  is 
under  his  immediate  control  and  which  includes  the  inspection  of 
dairies.  All  papers  relating  to  any  given  dairy  or  dairy  farm,  in- 
cluding the  original  report  made  by  the  dairy-farm  inspectoi-s  ;uul 
carbon  copies  of  score  cards  and  of  notices  served,  and  copies  of 
letters  received  and  letters  sent,  are  filed  in  jackets  in  such  manner 
with  the  papers  relating  to  any  one  given  dairy  or  dairy  farm,  and 
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are  kept  together  so  as  to  facilitate  ready  reference.  These  records 
are  open  to  the  public,  and  persons  desirous  of  knowing  the  standing 
of  any  dairy  or  dairy  farm  are  given  every  facility  to  examine  them 
and  are  urged  to  do  so. 

INSPECTION  OF  DAIRY  FARMS. 

The  total  number  of  farms  now  licensed  to  produce  milk  in  this 
jurisdiction  or  to  send  milk  into  it  from  the  adjacent  States,  Mary- 
land and  Virginia,  is  864.  Milk  is  being  s'hipped  into  the  District 
from  18  farms  in  Pennsylvania,  18  in  New  York,  and  12  in  New 
Jersey,  without  licenses,  by  virtue  of  the  provision  in  the  law  which 
authorizes  the  shipment  of  milk  immediately  after  the  filing  of 
an  application  and  until  that  ajDjDlication  has  been  acted  upon 
by  the  health  officer.  The  funds  available  for  the  inspection  of  dairy 
farms  have  not  been  sufficient  to  i^ermit  the  systematic  inspection 
of  farms  in  New  York  and  Pennsylvania,  and  therefore  action  by 
the  health  officer  has  been  indefinitely  suspended.  The  applica- 
tions that  have  been  filed  jjresent,  of  course,  prima  facie  cases  of  full 
compliance  with  the  laws  and  regulations  of  the  District,  and  licenses 
might  be  lawfully  issued.  Experience  has  demonstrated,  however, 
that  the  evidence  presented  in  an  application  is  not  always  to  be 
relied  ui)on,  and  therefore,  pending  the  making  of  provisions  for  the 
regular  inspection  of  these  jDlaces,  the  course  just  set  forth  has  been 
adopted. 

The  lerritoi'v  under  actual  insi^ection  is  divided  into  six  districts 
and  one  inspector  assigned  to  each.  Prior  to  September  20.  1907, 
llicrc  were  but  (ivo  districts,  only  five  inspectors  being  then  available 
lor  the  insj)octi(in  of  dairy  farms.  The  result  Avas  that  in  one  dis- 
trict a  considerable  iiuuibcr  of  farms  could  not  be  inspected  during 
the  entire  year. 

Ill  order  that  an  inspectoi'  ol'  dairy  laruis  may  discharge  his  duties, 
it  is  necessary  that  he  be  provided  with  means  of  transportation. 
For  this  purpose  each  insj^ector  of  tlaiiy  farms  is  allowed  by  the 
Disirict  goverinnent  $36.'")  iici'  annum  to  enable  him  to  maintain  a 
horse  and  vehicle  for  his  dUicial  use.  When  an  inspector  is  required 
to  visit  dairy  farms  beyond  a  (h'iving  distance  from  his  place  of 
residence,  ho  is  allowed  ardial  (raveling  expenses,  j)ayment  being 
made  monthly  on  itemized  vouchers,  duly  sworn  to  by  (he  inspector 
and  ap])roved  I\v  the  lieaKh  officer. 

Notwitlistanding  the  use  of  a  horse  and  vehicle  and  tiie  making  of 
allowances  foi-  ti'aveling  expenses,  the  amount  of  work  done  by  an 
inspector  of  dairy  farms  is  seriously  curtailed  by  the  distance  which 
he  has  to  (ravel  between  the  ])laces  which  he  inspects.  This  is  true 
])ar(icMlaily  in  (he  moi-e  remote  j)or(ions  of  the  country  from  which 
(he  milk  supply  is  derived,  since  dairy  farms  in  such  regions  are  few 
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and  far  between.  A  certain  part  of  the  inspector's  time,  too,  not 
infrequently  goes  for  naught  during  the  summer  season,  when,  if  the 
cattle  are  to  be  examined,  he  must  wait  for  them  to  be  brought  up 
from  the  pasture.  And  at  any  time  of  the  year  a  careful  inspection  of 
a  dairy  herd  of  any  ctmsiderable  size,  including,  as  it  must,  an  exami- 
nation of  the  udders  and  lungs,  of  itself  consumes  a  considerable  time. 
In  the  most  thickly  settled  parts  of  an  inspection  district  an  inspector 
may  make  six  or  eight  inspections  in  a  day.  In  remote  i-egions  he 
may  be  able  to  make  but  two  and  possibly  only  one.  The  records  of 
the  department  show  that  the  average  number  of  dairy  farms  visited 
daily  by  one  inspector  during  the  fiscal  year  ended  June  30,  1909,  was 
2.7,  the  computation  being  based  upon  tlie  work  of  the  six  insijectors 
then  on  duty  and  on  the  actual  number  of  days  worked  by  the  entire 
force  on  the  insi^ection  of  dairy  farms,  viz,  1,589.  The  average 
frequency  with  which  each  of  the  864  dairj^  farms  actually  inspected 
was  visited  during  the  period  named  was  4.9. 

An  inspector  assigned  to  an  outlying  district  is  required  to  live 
within  the  territory  under  his  supervision.  Thus,  one  inspector 
resides  at  Leesburg,  Va.,  another  at  Germantown,  Md.,  and  a  third  at 
Frederick,  Md.  The  inspectors  having  supervision  of  the  three  dis- 
tricts adjacent  to  the  city,  and  in  fact  extending  within  it,  reside  in 
"Washington.  The  number  of  dairy  farms  now  inider  tlie  inspection 
of  each  of  these  inspectors  is  as  follows: 

WMshiiigtou  district  No.  1 141 

Wiishington  district  No.  2 117 

Wa.shiiiRton  district  No.  3 12.5 

Leesbiirfi  district 13(> 

C3('rmantown  district 1S2 

I'rodericI<  district n;:; 

The  local  inspectors  of  dairy  farms  ordinarily  visit  the  health 
oHice  each  morning  to  file  reports  of  the  preceding  day's  work  and  to 
receive  instructions  as  to  their  duties  for  the  day.  If,  however,  an 
inspector  expects  to  go  a  long  distance  during  the  day,  in  order  to 
visit  an  outlying  farm,  this  customary  visit  may  be  omitted.  The 
inspectors  residing  at  Leesburg,  Germantown,  and  Frederick,  under 
ordinary  circumstances,  visit  the  health  office  but  once  each  month, 
forwarding  to  the  health  officer  by  mail  daily  such  reports  as  may  be 
necessary,  and  receiving  their  instructions  in  like  manner.  In  any 
event,  each  day,  either  after  visiting  the  health  office,  if  a  visit  be 
rc(|uire(l,  or  without  such  a  visit  if  none  be  necessary,  the  inspector 
pnicccds  to  examine  certain  of  the  dairy  fanns  lying  within  tiie  ter- 
rilory  assigned  to  hiiu.  In  ditcrmining  whid)  of  (hose  farms  to  visit 
lie  is  guided  by  iiist rue! ions  rroin  the  healtii  officer,  by  outstanding 
notices  wiiich  lie  has  served,  and  l)y  a  genera!  knowledge  of  the  condi- 
tion of  the  farms  within  his  district.     It  is  just  here  (hat  the  services 
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of  11  bacteriologist  are  most  needed  in  connection  willi  niilk-inspcction 
\v()il<.  'J'he  bacteriological  examination  of  milk  as  it  reaches  the  city 
would  show  the  location  of  the  farms  sending  in  persistently  niilk 
containing  relatively  large  numbers  of  bacteria  as  compared  with  tin; 
general  milk  supply.  The  occurrence  of  such  high  bacterial  counts 
being  a  sure  indication  of  faulty  methods  of  milking  or  of  handling 
milk,  inspection  could  be  directed  against  the  offending  farms,  farms 
having  good  records  being  inspected  with  less  frequency,  if  necessary, 
to  permit  this  to  be  done  effectively. 

Having  arrived  at  the  farm,  the  inspector  investigates  the  condition 
of  the  premises  and  of  the  dairy  apparatus  and  utensils  used  in  con- 
nection therewith,  and  examines  into  the  coiulition  and  health  of  the 
cattle.  He  must  reW  upon  his  own  powers  of  observation  so  far  as  is 
possible.  When  this  is  not  possible  he  must  learn  what  can  be  learned 
by  inquiry.  For  instance:  A  knowledge  of  the  j^revailing  method  of 
milking  and  of  the  promptness  and  thoroughness  of  cooling  milk 
is  very  essential  in  every  case,  but  in  view  of  the  distances  between 
dairy  farms  the  inspector  commonly  can  not  visit  on  a  single  day.  at 
milking  time,  more  than  one,  and  rarely  more  than  two  farms;  he, 
therefoi-e,  can  not  always  obtain  information  with  respect  to  this 
matter  by  his  own  observation,  but  must  depend  upon  the  statements 
of  the  farmer  and  of  the  farmer's  help  with  respect  to  it.  The  same 
is  true  to  an  even  greater  extent  with  respect  to  the  possible  presence 
on  the  dairv  farm  of  communicable  diseases,  such  as  tj'phoid  fever  or 
scarlet  fever.  Never  is  the  veterinary  inspector  able  to  report  posi- 
tively, solely  as  the  result  of  his  own  observation,  the  existence  of  any 
such  disease  on  the  j^remises ;  he  must  rely  on  such  information  as  he 
is  able  to  obtain  from  the  farmer  and  those  about  the  place,  and  to 
pick  uj)  from  others  in  the  neighborhood. 

Should  an  inspector  of  dairj'  farms,  as  the  result  of  his  examina- 
tion of  the  ])remises  and  of  the  cattle,  find  conditions  in  violation  of 
the  regulations  governing  such  matters,  his  course  is  governed  to  a 
considerable  extent  by  the  location  of  the  farm,  whether  it  be  within 
or  without  the  District  of  Columbia.  If  the  farm  be  within  the  Dis-- 
trict  tlie  only  means  available  for  the  enforcement  of  compliance  with 
law  is  prosecution  in  the  police  court;  the  offense  is  committed  within 
the  District,  and  the  proprietor  of  the  farm  who  is  responsible  for 
such  offense  is  within  the  reach  of  ordinary  criminal  process.  On  the 
other  hand,  if  the  farm  is  located  outside  of  the  District,  the  offense, 
in  so  fai'  as  relates  to  the  condition  of  the  premises  and  cattle,  is  com- 
mitted in  another  jurisdiction  and  not  only  is  the  offender  beyond  the 
reach  of  any  ordinary  criminal  process  issuing  out  of  the  courts  of 
the  District,  but  the  condition  of  the  farm,  located  as  it  is  in  another 
State,  is  not  and  can  not  be  in  violation  of  the  laws  of  the  District  of 
Columbia  so  as  to  render  the  proin-ietor  criuiinally  liable.     His  of- 
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fcnse  begins  whon  ho  brings  or  sonds  milk  into  the.  District  without  a 
permit  to  do  so;  but  his  permit,  if  he  lias  one.  is  by  hiw  conditioned 
iipiin  the  management  of  his  farm  in  accordance  with  the  laws  of  the 
District  in  so  far  as  those  laws  do  not  conflict  with  state  laws;  and, 
ili(  refore,  if  his  farm  presents  circumstances  in  violation  of  law,  the 
iiHiditions  upon  which  his  permit  was  issued  have  been  violated  by 
him,  and  his  permit  becomes  voidable  at  the  election  of  the  health 
(iflicer,  even  if  it  does  not  become  actually  void.  When  a  dairy  farm 
i-  located  beyond  the  limits  of  the  District,  compliance  with  District. 
I.iws  and  regulations  is  enforced,  therefore,  not  by  immediate  crim- 
inal prosecution,  but  by  the  cancellation  of  the  jjermit,  if  necessary, 
and  then  if  the  milk  from  the  tabooed  farm  is  brought  into  the  Dis- 
liict,  by  criminal  prosecution  of  those  responsible  for  the  importation 
<)(  the  milk — the  farmer  who  sends  it  in,  if  he  can  be  found' in  the 
jurisdiction,  or  the  dealer  who  contracts  with  the  farmer  to  have  the 
law  violated  and  cooperates  with  him  in  its  violation,  or  both  farmer 
ami  dealer.  Unless,  however,  the  violation  of  the  regulations  is  ex- 
iicmely  grave,  or  unless  similar  offenses  have  been  of  repeated  occur- 
K  lice,  summary  action  is  not  taken,  but  the  offender  is  given  an  op- 
ptiitunity  to  correct  conditions,  or  at  least  given  an  opportunity,  if 
he  be  a  nonresident,  of  showing  cause  why  his  permit  should  not  be 
canceled.  If  he  be  a  resident  of  the  District,  even  after  final  action 
by  the  health  officer,  he  has  his  day  in  court.  'Wliat  has  been  said 
with  reference  to  the  cancellation  of  permits  has  had  reference  to 
cancellation  because  of  the  existence  of  insanitary  conditions.  Per- 
mits may  be  suspended  or  revoked,  whether  the  farm  be  within  or 
without  the  District,  if  the  milk  supply  therefrom  is  exposed  to  in- 
fection by  certain  contagious  diseases,  but  this  is  a  matter  that  Avill 
be  considered  later." 

If,  then,  an  inspector  of  dairy  farms  has  found  conditions  that 
must  be  corrected,  he  serves  a  notice  on  the  responsible  person  requir- 
ing him  to  correct  them  within  a  specified  period,  or  if  the  conditions 
are  particularly  bad,  he  may,  if  the  farm  is  within  the  District,  rec- 
ommend immediate  prosecution  in  the  police  court,  or,  if  the  farm  is 
located  outside  of  the  District,  he  may  serve  at  once  a  notice  requir- 
ing the  licensee  to  show  cause  on  or  before  a  given  day,  to  the  satis- 
faction of  the  health  officer,  why  his  permit  should  not  be  canceled.'' 
If  the  farm  be  one  for  which  no  license  has  been  issued,  but  for 
which  application  is  pending,  then,  if  the  circumstances  warrant  such 
action,  the  inspector  may  recommend  the  immediate  rejection  of  the 
application.  Any  notice  prepared  by  the  inspector  is  written  in 
duplicate  by  means  of  carbon  paper,  the  original  being  left  on  the 
premises  and  the  carbon  copy  being  forwarded  to  the  health  officer  so 
as  to  reach  him  on  the  day  following  the  day  of  service. 


"  See  paR(>  7s:5. 

!>  For  forms  of  notice,  see  page  801. 
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Inspectors  have  uniformly  endeavored  to  cooperate  with  the  farmer 
as  much  as  possible  toward  securing  the  improvement  of  his  premises. 
As  an  incident  to  the  inspection  of  dairy  farms,  and  \n  order  that 
the  dairy  farmer  and  the  health  officer  might  be  advised  as  fully  and 
intelligently  as  possible  of  the  inspectors'  findings,  the  health  officer 
devised  some  time  ago"  a  system  of  scoring  dairy  farms,  a  feature 
of  dairy-farm  inspection  which  has  since  been  widely  adopted.  It 
was  deemed  desirable,  whether  a  notice  was  served  or  not,  to  inform 
the  farmer  as  accurately  as  possible,  at  each  visit,  of  the  judgment  of 
the  inspector  with  reference  to  his  establishment.  A  certain  number 
of  points  was,  therefore,  allowed  for  each  general  feature  of  the  dairy 
farm  and  the  insjoector  required  to  grade  the  establishment  accord- 
ingly. ,  The  form  for  scoring  shows  the  maximum  number  of  points 
attainable  and  the  number  allowed  by  the  inspector,  and  is  printed 
so  that  by  means  of  carbon  pajjer  a  duplicate  copy  can  be  produced 
without  additional  labor.  The  original  is  left  with  the  farmer  for 
his  information  and  guidance,  and  the  carbon  copy  is  forM'arded  to 
the  health  officer  with  the  daily  report  of  the  insjiector  of  dairy  farms. 
With  respect  to  the  scoring  of  dairy  farms,  however,  this  may  be 
fairly  said :  That  no  one  can  interpret  the  meaning  of  another's  score 
card  unless  he  knows  the  principle  upon  which  the  rating  has  been 
made.  It  is  possible  either  to  fix  an  absolutely  ideal  standard  of 
perfection  and  to  score  every  feature  of  the  establishment  on  that 
basis  or  to  fix  a  reasonable  standard,  having  in  view  the  state  of  the 
dairy  industry,  either  generally  or  in  the  vicinity  and  at  the  time 
when  the  scoring  is  to  be  done.  The  former  method  will  give  low 
scores;  the  latter  will  give  higher  ones.  It  can  not  be  said  that 
either  method  is  wrong,  and  possibly,  having  in  view  the  future  state 
of  the  dairy  art  that  is  so  devoutly  to  be  hoped  for,  the  former  method 
is  preferable.  It  is  essential  now,  however,  only  that  when  we  under- 
take to  determine  the  significance  of  the  scores  of  daii'y  farms  we 
know  which  method  has  been  followed.  In  one  place,  apparently 
under  the  former  method  of  scoring,  30  points  out  of  a  possible  100 
has  been  regarded  as  a  fair  passing  mark.''  Under  the  other  method 
70  would  be  none  too  high. 

Recently  the  Department  of  Agriculture  has  applied  the  tuberculin 
test  to  a  considerable  number  of  the  dairy  herds  supplying  milk  to 
tliis  District.  This  test  has  been  applied  under  an  "agreement" 
lu'tween  the  Department  and  the  farmer,  the  latter  undertaking  to 
comply  with  certain  conditions  in  consideration  of  the  application  of 
the  test  free  by  employees  of  the  Agricultural  Department.  This 
agreement  has  varied  somewhat  in  its  terms  during  the  period  the 
work  has  been   in    luogress,  l)ut   all    forms  have  provided   for  the 


"Kepoit  of  tlio  Health  Officer.  1004,  p.asc  27. 
''Hoard's  Diiiryiuan,  Ai)ril  5,  1907,  page  208. 
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slaughter  of  reacting  animals  under  the  supervision  of  federal  in- 
spectors. The  loss  in  such  cases  falls  directly  on  the  farmer,  since 
there  is  no  provision  for  compensation.  A  copy  of  the  agreement 
now  in  use  is  appended."  Since  such  work  was  begun,  and  up  to  and 
including  June  30,  1909,  2,010  animals  have  been  subjected  to  primary 
tests.  Of  these,  204  have  reacted.  Of  those  not  reacting  to  the  first 
test,  1,237  have  been  retested  and  GO  reacted.  All  cattle  tested  have 
been  duly  tagged,  in  accordance  with  the  terms  of  the  agreements 
that  have  been  signed. 

The  identification  of  tagged  cattle  is,  of  course,  easy,  and  therefore 
animals  that  have  been  tuberculin  tested  are  thereafter  easily  recog- 
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nized.  There  is,  however,  no  provision  of  law  that  authorizes  tag- 
ging, and  not  infrequently  difficulty  is  experienced  in  jdentifying 
and  following  up  cattle  condemned  by  the  inspectors  of  dairy  farms 
merely  on  the  basis' of  physical  examination.  Such  a  cow,  if  found 
later  on  the  dairy  farm  on  which  it  was  originally  condenmed,  could, 
in  many  cases,  be  identified  without  difficulty.  But  if  she  had  been 
transferred  to  anv  other  farm  she  was  less  likely  to  attract  attention 
and  even  if  she  did  identification  was  not  always  easy.  To  niuumize 
the  difficulty  of  identification,  the  health  department  applied  to  dairy 

"  See  pafio  707. 
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cattle  the  principle  of  the  Bertillon  system  of  identification.  Each 
inspector  is  provided  with  forms  giving  in  profile  the  figure  of  a  cow, 
right  and  left  sides,  and  containing  a  space  for  descriptive  memo- 
randa. The  forms  are  small,  so  as  to  be  easily  carried  in  the  in- 
spector's pocket.  On  such  a  form  the  inspector  notes  the  charac- 
teristic marks  of  the  cow  coudenmed,  and  the  time  and  place  of 
condemnation.  The  inspector  subsequently  carries  this  form  with 
him  for  a  reasonable  time,  so  that  if  he  finds  anywhere  a  cow  that 
seems  to  resemble  a  cow  that  he  has  condemned  he  can  confirm  or 
allay  his  suspicions. 

The  law  regulating  the  issue  of  i^ermits  to  dairy  farms  outside  of 
the  District  provides  that  they  shall  be  issued  whenever  the  health 
officer  is  satisfied  that  the  milk  from  the  farm  that  is  about  to  be 
licensed  will  be  brought  into  the  District  without  danger  to  public 
health.  Since  it  has  been  so  clearly  demonstrated  that  milk  from  any 
herd  that  has  not  been  tuberculin  tested  is  dangerous  to  public  health, 
unless  effectually  pasteurized,  the  health  officer  has  found  it  im- 
practicable to  issue  permits  to  bring  or  send  milk  into  the  District 
from  such  farms.  But  as  the  law  permits  any  applicant  to  bring  or 
send  milk  into  the  District  from  the  time  he  files  application  and 
until  his  application  has  been  rejected,  the  health  officer  has,  in  those 
cases  where  the  applicant  has  complied  substantially  with  all  require- 
ments of  the  District  laws  and  regulations,  suspended  indefinitely 
action  on  the  application  pending  the  adoption  of  some  general  meas- 
ure looking  toward  the  compulsory  tuberculin  testing  of  all  cows  sup- 
plying milk  to  the  District  of  Columbia  or,  as  an  alternative,  the  com- 
pulsory pasteurization  of  milk  from  cows  not  so  tested. 

Each  inspector  of  dairy  farms  files  with  the  health  officer,  weekly,  a 
report  of  his  operations  for  the  preceding  week."  In  addition  to  this 
he  keeps  his  own  record  of  outstanding  notices,  and  as  soon  as  prac- 
ticable after  the  expiration  of  the  time  allowed  for  the  correction  of 
objectionable  conditions  he  visits  the  premises  to  see  whether  the  notice 
has  or  has  not  been  complied  with.  If  it  has  been,  the  inspector 
makes  report  accordingly.  If  it  has  not,  he  takes  action  to  enforce 
compliance.  He  may  immediately  serve  a  notice  requiring  the  licensee 
to  show  cause,  satisfactory  to  the  health  officer,  why  his  permit  should 
not  be  canceled.  Or  he  may  recommend  that  a  letter  of  that  purport 
be  written  by  the  health  officer.**  Or,  if  the  farm  be  located  in  the 
District,  he  may  recommend  immediate  prosecution  in  the  police  court, 
and  with  the  approval  of  the  health  officer  he  may  institute  such  prose- 
cution. If  a  licensee  has  been  notified  to  show  cause  why  his  permit 
should  not  be  canceled,  and  has  failed  to  do  so,  or  has  shown  no 
sufficient  cause,  then  the  health  officer  cancels  the  permit  and  notifies 

0  See  form  for  rcii'irt  (ni  iiasc  S()2. 
''For  copy  of  form  sec  piiso  >S01. 
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till'  licensee  and  his  consignee  or  retailer,  if  he  have  one,  that  such 
;(( tion  has  been  taken.  If  thereafter  the  milk  fi'om  that  farm  is 
i'loiight  into  the  District,  the  person  at  whose  instance  it  is  brought 
i-  ]n-osecuted  in  the  police  court. 

INSPECTION   OF   DAIRIES. 

Two  inspectors  are  available  for  the  inspection  of  dairies — that  is, 
of  places  where  milk  is  sold  within  the  District  of  Columbia — and  for 
the  collection  of  samples  of  milk.  The  number  of  licensed  dairies 
A\  ithin  the  district,  independent  of  those  located  on  dairy  farms,  is 
*'■-.  The  number  of  places  where  milk  is  sold  as  a  mere  incident  to 
-iinie  other  more  general  business,  which  places  must  be  regarded  as 
dairies  only  for  purpose  of  inspection  and  not  for  purpose  of  licens- 
ing," is  considerable,  probably  as  many  as  1,500.  The  exact  number, 
however,  is  not  known,  as  such  places  are  registered  only  as  grocery 
-lores,  lunch  rooms,  and  so  on,  and  not  as  milk  shops.  They  begin 
till'  sale  of  milk  at  the  pleasure  of  the  proprietor,  discontinue  it  when 
111'  is  ready,  and  resume  the  business  at  will;  and  the  health  officer 
knows  nothing  of  it.  Many  of  the  latter  class  of  places,  however, 
I  icing  grocery  stores,  come  not  only  under  the  occasional  observation 
<.f  the  inspector  of  dairies,  but  also  under  the  more  frequent  observa- 
tion of  the  food  inspectors  assigned  to  the  supervision  of  markets  and 
green-grocery  stores.  In  view  of  the  considerable  amount  of  time 
necessarily  consumed  in  bringing  samples  of  milk  collected  to  the 
health  officestfrom  the  places  of  collection,  and  with  a  view  to  increas- 
ing the  amount  of  attention  paid  to  the  sanitary  condition  of  dairies, 
it  has  been  deemed  best  to  assign  one  inspector  solely  to  the  sanitary 
inspection  of  dairies,  requiring  him  to  collect  no  samples  of  milk,  or 
to  collect  them  as  an  incident  to  his  other  work.  The  other  inspector 
is  detailed  primarily  to  the  collection  of  samples  of  milk  from  dairies, 
lunch  rooms,  and  grocery  stores,  and  other  places  where  milk  is  han- 
dled for  sale,  and  from  the  railroad  stations  where  milk  is  received, 
any  inspections  of  dairies  which  he  may  make  being  merely  incidental 
thereto.  The  average  number  of  inspections  to  v.-hich  each  licensed 
dairy  was  subjected  during  the  year  ended  June  30,  1909,  was  20.7. 
The  averagfe  number  of  inspections  made  daily  by  the  inspector  of 
dairies  was  4..'5. 

In  the  inspection  of  dairies,  the  inspector  is  guided  primarily  by 
the  regulations  for  the  government  of  dairies  and  dairy  farms  pro- 
nndgated  under  the  authority  of  the  act  of  March  2,  1895.  He  en- 
forces, however,  any  and  all  laws  and  regulations  relating  to  the  san- 
itary condition  of  the  pr'emises  which  he  visits.  Enforcement  is  or- 
dinarily eflected  through  the  service  of  a  notice  allowing  a  certain 

"See  page  762. 
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amount  of  time  for  the  correction  of  the  objectionable  conditions. 
A  carbon  copy  of  each  notice  is  filed  with  the  health  officer,  with  the 
daily  report  of  the  inspector,  on  the  day  following  the  day  of  service, 
the  original  being  left  with  the  person  to  be  notified.  If  the  condi- 
tions which  the  insjjector  finds  are  so  excessively  bad  as  to  warrant 
such  action,  he  not  only  gives  instructions  for  their  immediate  cor- 
rection, but,  with  the  approval  of  the  health  officer,  institutes  crim- 
inal proceedings  in  the  police  court  at  once.  In  the  ordinary  cases, 
however,  after  the  expiration  of  the  time  allowed  by  the  notice  which 
has  been  served,  the  inspector  visits  the  premises  and  if  the  objection- 
able conditions  have  been  corrected  he  so  reports.  Otherwise,  unless 
there  is  reason  for  allowing  further  time,  police  court  proceedings 
are  then  instituted.  A  scheine  for  the  rating  of  dairies  has  recently 
been  devised  and  is  now  in  vise.  A  copy  of  the  inspector's  score  card 
relating  to  any  given  dairy  is  filed  in  a  jacket  reserved  for  that  dairy, 
with  all  other  papers  relating  to  the  establishment,  another  copy  hav- 
ing been  furnished  the  dairyman  for  his  information  and  guidance." 

INSPECTION  OF  MILK. 

The  inspector  charged  with  the  collection  of  samples  of  milk  is  ex- 
pected to  bring  into  the  department  daily  not  less  than  20  samples  of 
milk.  He  collected  during  the  year  ended  June  30,  1909,  3,7G0  sam- 
ples of  milk  and  cream,  an  average  of  12.4  samples  for  each  work  day, 
including  half  holidays  as  full  days.  These  samples  he  obtained  in 
the  open  market  from  dairies,  gi'ocery  stores,  lunch  rooms,  or  other 
places  where  milk  is  sold,  or  from  milk  wagons,  or  at  the  railroad  sta- 
tions where  milk  from  the  dairy  farm  first  reaches  the  city.  Milk  is 
obtained  by  liurchase  whenever  anyone  is  present  to  receive. the 
money.  Money  for  the  purchase  of  samples  is  advanced  by  the 
inspector  out  of  his  own  funds,  and  he  is  reimbursed  each  month  for 
the  amount  thus  expended.  Vouchers  for  such  reimbursement  must 
be  sworn  to  by  the  collector  and  approved  by  the  chemist  or  the 
inspector  detailed  to  assist  him,  such  approval  being  based  upon  the 
quantity  of  milk  actually  delivered  at  the  laboratory  as  shown  by  the 
laboratory  record.  The  voucher  may  call  for  reimbursement  for  less 
milk  than  has  been  delivered  at  the  laboratory,  since  in  some  cases  no 
payment  can  be  made  at  the  time  of  collection,  but  it  can  not  call  for 
more. 

While  one-half  pint  of  milk  is'  sufficient  for  jiurposes  of  analysis, 
yet  in  view  of  a  decision  of  the  court  of  appeals  (D.  C.  v.  Garrison, 
22  Appeals,  D.  C,  563)"  it  is  necessary  for  the  collector  to  purchase 
a  pint  whenever  the  vendor  claims  to  sell  nothing  less  than  pints,  un- 

"For  copies  of  forms  used  in  tlie  dniry-inspection  service,  see  page  800. 
Tor  a  statement  relative  to  tliis  decision,  stH>  page  7G0. 


781 

less  the  inspector  is  able  to  show  that  he  sells  in  smaller  quantities. 
In  view  of  the  court's  decision,  moreover,  the  department  has  felt 
compelled  to  purchase  quart  samples  whenever  it  has  been  alleged  by 
the  vendor  that  he  sold  only  in  unbroken  packages  and  had  nothing 
smaller  than  1  quart  on  hand,  the  dejiartment  not  being  prepared  to 
prove  a  contrary  practice.  It  might  be  good  administration  to  i-e- 
quire  the  collector  to  undertake  to  mix  a  pint  or  a  quart  samjjle  on  the 
premises  of  the  vendor  and  to  take  therefrom  so  much  as  might  be 
required  for  analysis  and  to  dispose  of  the  remainder  then  and  there. 
In  view  of  the  difficulty,  however,  of  thoroughly  agitating  a  pint  of 
milk  in  a  pint  bottle,  or  a  quart  of  milk  in  a  quart  bottle,  and  to  avoid, 
in  event  of  prosecution,  attack  on  the  ground  of  the  alleged  inaccu- 
racy or  unfairness  of  the  sample  thus  taken,  it  has  been  deemed  best 
to  require  the  ins23ector  to  bring  whatever  milk  he  collects  to  the 
health  office,  where  the  mixing  is  done  in  the  laboratory.  The  neces- 
sity for  carrj'ing  such  a  large  amount  of  milk  tends  to  diminish  the 
working  capacity  of  the  inspector.  Samples  collected  are  labeled  at 
the  time  of  collection  and  a  record  kept  by  the  collector.  The  samples 
collected  are  delivered  to  the  chemist  or  to  his  assistant  and  are  im- 
mediately analyzed.  If  the  result  of  the  analysis  shows  that  the  cir- 
cumstances warrant  such  action,  prosecution  is  instituted  by  the 
analyst.  The  insjoector  who  collected  the  samples  testifies  as  to  its 
origin  and  the  analyst  testifies  as  to  its  composition. 

Arrangements  were  once  made  whereby  the  vendor  could,  when  a 
sample  waS'.  purchased,  be  supi^lied  by  the  inspector  with  a  portion 
of  it,  duly  sealed,  so  that  the  vendor  could  have  an  analysis  made 
independent  of  the  official  analysis,  if  he  so  desired.  This,  however, 
did  not  do  away  with  the  necessity  for  reserving  in  the  health  office  a 
portion  of  any  sami^le  upon  an  anal3'sis  of  which  prosecution  is  to 
be  based,  since  the  reserving  of  such  samples  is  required  by  statute. 

The  results  of  all  analyses  are  transcribed  from  the  laboratory  note- 
book to  the  official  laboratory  record,  and  thereafter  are  entered  upon 
index  cards  so  that  the  results  of  the  analyses  of  all  samples  pro- 
cured fi-om  any  one  dealer  can  be  seen  by  a  glance  at  his  laboratory 
card.  On  this  card  are  subsequently  entered  memoranda  showing 
the  results  of  such  prosecutions,  if  any,  as  are  instituted.  If  the  anal- 
ysis shows  that  the  sample  of  milk  purchased  does  not  conform  to  the 
legal  standard,  the  vendor  is  notified  of  that  fact,  and  if  it  is  the 
purpose  of  the  department  to  institute  a  prosecution  against  him,  a 
portion  of  the  sample  is  reserved,  duly  sealed  and  kept  under  lock 
and  key,  so  that  the  vendor  may  obtain  it  and  submit  it  to  an  inde- 
pendent analysis  if  he  so  desires.  All  samples  that  are  found  to  be 
of  standard  ([uality  are  delivered  to  one  of  the  local  charitable  insti- 
tutions supported  at  public  ex])ense.  It  was  formerly  tlie  custom  of 
the  department  to  inform  the  vendor  of  every  sample  of  milk  pur- 
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chased  as  to  the  result  of  the  analysis,  without  reference  to  the  quality 
of  the  milk  analyzed,  whether  above  or  below  standard.  It  was 
discovered,  however,  that  in  some  cases,  vendors  of  milk  were  ex- 
hibiting in  their  jslaces  of  business  official  rejjorts  of  the  analysis  of 
samples  of  liigh  grade,  while  failing  to  display  reports  showing  the 
collection  of  bad  samples.  As  the  practice  Avas  liable  to  mislead  the 
public,  the  sending  out  of  notices  giving  information  as  to  the  anal- 
ysis of  samples  at  or  above  the  legal  standard  was  omitted. 

No  analyses  of  samples  of  milk  submitted  by  dealers  are  made,  and 
only  under  exceptional  circumstances  are  analyses  made  of  samples 
of  milk  submitted  by  jDrivate  citizens.  It  is  the  general  practice  of 
the  department  with  resj^ect  to  the  latter  class  of  samples  to  make 
analyses  only  when  the  person  submitting  the  samples  signifies  his 
ability  to  testify  that  the  sample  submitted  is  in  the  same  condition 
which  it  Mas  when  it  was  left  at  his  residence,  and  his  desire  or  will- 
ingness to  prosecute  the  vendor  if  the  samjjle  be  found  to  be  of  an 
unlawful  character.  Upon  receipt,  however,  of  complaint  as  to  the 
quality  of  the  milk  delivered  to  any  individual,  whether  a  consumer 
or  a  dealer  in  milk,  the  department  will,  if  other  official  business  par- 
niits  and  the  comj^laint  seems  to  justify  such  action,  collect  a  sample 
or  samples  from  the  suspected  vendor  through  the  department's  own 
agents  and  make  the  necessary  analyses.  Examinations  of  this  char- 
acter for  dealers  in  milk  are,  however,  restricted  to  the  smallest  pos- 
sible number,  since  if  anj*  other  course  were  adojDted  the  requests 
from  dealers  for  such  service  would  probably  be  so  numerous  as  to 
interfere  with  the  general  work  of  the  department. 

The  ju-actice  of  the  dej^artment  with  respect  to  the  analysis  of  sam- 
ples of  milk  for  dealers  works  no  hardship  on  the  larger  dealer,  since 
for  his  own  protection  from  a  purely  commercial  standpoint  he  is  or 
should  1)0  i)repared  to  have  all  milk  which  he  purchases  analyzed  in 
his  own  place  of  business.  The  smaller  dealer  can  not  well  do  this, 
and  to  him  it  would  be  of  advantage  if  from  time  to  time  he  could 
obtain  analyses  of  the  milk  which  he  purchases,  without  cost  or  at  a 
reasonable  charge.  It  would  be  advisable,  therefore,  to  increase  the 
laboratory  facilities  of  the  health  department,  and  to  authorize  the 
analysis  of  samples  of  milk  and  of  other  foods  for  reasonable  fees, 
so  that  dealers  in  milk  or  of  other  articles  of  food  or  of  drugs  might 
be  able  better  to  supervise  and  control  the  articles  which  the}'  handle. 
Fees  from  such  a  laboratory  might  be  adjusted  so  as  to  make  it  self- 
sustaining  and  to  permit  the  force  of  the  laboratory  to  be  increased,  if 
necessary,  in  proportion  as  the  work  and,  therefore,  the  fees  increased. 
By  this  method  the  needs  of  the  dealer  could  be  met  and  the  regular 
inspection  work  of  the  department  need  not  be  interfered  with. 

In  order  to  reduce  to  a  mininunn  the  time  spent  in  the  police 
court  by  the  chemist  and  his  assistant,  and  by  the  inspector  detailed 
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for  the  collection  of  samples  of  milk,  and  in  order  to  limit  the  amount 
of  clerical  work  connected  with  the  service,  cases  are  not  referred 
daily  to  the  corporation  counsel  for  prosecution,  but  only  at  the  end 
of  each  week.  The  chemist  after  the  close  of  the  week  prepares  a 
report  showing  the  work  done  in  the  chemical  laborator}^  He  re- 
ports from  time  to  time  the  names  and  addresses  of  all  persons  who 
have  sold  samples  of  milk  or  other  foods,  which  have  been  found  to 
be  of  an  unlawful  character.  On  such  reports  the  chemist  recom- 
mends either  that  a  prosecution  be  instituted  or  that  it  be  not  insti- 
tuted. The  minimum  amount  of  butter  fat  which  milk  must  contain 
in  order  to  permit  its  lawful  sale  as  whole  milk  is  3.5  per  cent. 
This  standard  is  a  reasonable  one  and  should  insure  the  sale  of  a 
high-grade  article.  At  times,  however,  even  the  most  careful  dealer 
may  allow  his  milk  to  fall  below  it.  The  practice  of  the  department 
recjuires  that  wherever  a  sample  of  milk  is  found  to  contain  added 
water  or  a  preservative,  or  to  be  colored,  or  to  contain  less  than  3.25 
per  cent  butter  fat,  prosecution  is  to  be  instituted  as  a  matter  of 
course.  If  the  butter  fat  is  3.25  per  cent  or  more,  but  less  than  3.5 
per  cent,  then  prosecution  is  or  is  not  instituted  according  as  the 
entire  recent  recoi'd  of  the  vendor  is  good  or  bad.  If  his  milk  has 
been  repeatedly  below  3.5  per  cent,  then  even  though  the  present 
sample  shows  more  than  3.25  per  cent,  i^rosecution  is  instituted.  In 
cases  within  this  class,  where  the  element  of  judgment  enters,  the 
inspector  submits  with  his  report  and  recommendations  a  statement 
showing  the  recent  record  of  each  vendor.  A  similar  practice  is  in 
force  with  respect  to  cream,  the  legal  standard  for  butter  fat  being 
20  per  cent,  and  prosecution  being  instituted  as  a  matter  of  course 
if  the  amount  contained  in  a  given  sample  falls  below  18  per  cent, 
and  being  instituted  or  jiot,  according  to  the  entire  recent  record  of 
the  vendor,  where  the  amount  of  butter  fat  is  18  per  cent  or  more  and 
yet  less  than  20  per  cent. 

In  the  chemical  laboratory  are  analyzed  samples  of  water  from 
wells  on  dairy  farms.  These  samples  are  collected  by  inspectors  of 
dairy  farms,  and  if  from  near-by  farms  are  brought  to  the  chemist  by 
the  inspector.  If  from  outlying  farms,  as,  for  instance,  those  in  the 
Frederick  district,  samples  are  forwarded  by  express. 

CONTAGIOUS-DISEASE  SERVICE. 

Attention  has  already  been  called  to  the  difficulty  which  an  in- 
spector of  dairy  farms  incurs  in  any  effort  that  he  may  make  to 
detect  on  the  farm  cases  of  communicable  diseases,  such  as  typhoid, 
scarlet  fever,  or  dii)htheria.  For  the  information  of  those  of  the 
readers  of  this  report  who  are  not  familiar  with  technical  nuitters 
relating  to  milk  inspection,  it  is  necessary  to  add  that  by  no  known 
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method  of  chemical  or  bacteriological  analysis  can  the  possibility,  or 
even  the  probability,  of  the  presence  in  milk  of  the  typhoid  bacillus 
or  the  diphtheria  bacillus  be  excluded  witrh  any  reasonable  degree 
of  certainty;  that  the  colon  bacillus  is  not  an  infrequent  inhabit- 
ant of  milk,  its  presence  indicating  merely  contamination  with  the 
excrement  of  the  cow  and  not  even  suggesting  sewage  pollution  ;  and 
that  the  organism  that  causes  scarlet  fever  is  as  yet  entirely  un- 
known. Under  such  circumstances,  the  following  method  has  been 
adojJted  to  facilitate  the  detection  of  contagious  diseases  on  the 
dairy  farm : 

Upon  receipt  by  the  health  department  of  a  report  of  a  case  of 
typhoid  fever,  scarlet  fever,  or  diphtheria,  an  inspector  from  the 
health  dei^artment  visits  the  pi'emises  where  the  patient  is  and  ascer- 
tains the  name  of  the  dairyman  who  furnished  the  milk  consumed  by 
the  patient  prior  to  the  onset  of  his  illness.  The  daii'jTnan  is  im- 
mediatel}'  notified  to  discontinue  leaving  milk  bottles  at  the  infected 
premises  or  apartment  until  after  the  recovery  or  removal  of  the 
patient,  of  which  event  he  is  notified  at  the  time  of  its  occurrence. 
Bottles  containing  milk,  if  left  at  infected  places,  may  be  taken  into 
the  sick  room  and  possibly  even  directly  used  by  the  patient,  and  then, 
in  view  of  imperfect  methods  of  disinfection  adojjted  by  the  attend- 
ants and  of  imperfect  methods  of  cleaning  adopted  by  the  dairymen, 
may  be  the  means  of  spreading  disease.  The  name  of  the  dairj-nian 
who  supplies  milk  to  the  patient  having  been  ascertained,  and  the 
dairyman  having  been  notified  to  discontinue  the  delivery  of  bottles 
at  the  infected  place,  the  case  is  entered  on  the  records  of  the  health 
department  to  the  dairyman's  account.  This  is  done  by  the  inspector 
in  charge  of  the  contagious-disease  service  jiersonally,  and  if  at  any 
time  it  seems  that  the  number  of  cases  being  charged  to  any  one  dairy- 
man is  out  of  proportion  to  the  size  of  his  business,  due  regard  being 
paid  to  the  general  extent  to  which  the  disease  is  prevailing  in  the 
District,  then  inquiry  is  immediately  begun  to  ascertain  whether  his 
milk  supply  is  or  is  not  exposed  to  infection.  Such  investigations  arc 
made  by  medical  officers  in  the  contagious-disease  service  and  by  the 
veterinary  surgeons  in  the  milk-inspection  service.  The  local  estab- 
lishment of  the  milk  dealer  is  visited  and  an  effort  made  to  ascertain 
whether  he  or  anyone  in  his  family,  or  any  employee  or  his  famil}',  or 
anyone  to  whom  they  have  been  exposed,  is  suffering  from  the  disease 
under  consideration.  A  similar  course  is  pursued  with  reference  to 
the  dairy  farm.  The  water  from  the.dairj^  farm  is  analyzed,  if  there 
is  any  indication  for  such  procedure.  If  the  circumstances  show  that 
the  milk  supply,  is  exposed  to  infection,  then  immediate  action  is  taken 
to  remove  the  danger.  Permits  are  suspended  or  revoked,  with  or 
without  notice,  if  circumstances  indicate  that  such  action  is  called  for, 
and  are  renewed  or  reissued  only  after  all  danger  is  passed.     In  some 
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cases  it  has  been  found  possible  to  remove  the  source  of  danger  with- 
out putting  the  dairyman  out  of  business,  and  whenever  possible  such 
measures,  less  radical  so  far  as  the  dairyman  is  concerned,  have  been 
adopted.  While  the  method  outlined  above  for  detecting  and  remov- 
ing danger  from  infected  milk  is  not  ideal,  in  that  it  does  not  reveal 
the  presence  or  the  location  of  the  disease  until  a  small  or  possibly  a 
large  number  of  jjei'sons  have  been  infected,  j'et,  so  far  as  is  known,  it 
is  the  only  practicable  method  that  has  yet  been  devised.  The  safety 
of  the  community  with  respect  to  the  possible  spread  of  communi- 
cable diseases  of  human  beings  through  milk  depends  primarily  on 
clean  intelligent  dairying,  and  for  this  there  is  no  substitute. 

COST  OF  MILK  INSPECTION. 

It  is  not  difficult  to  state  exactly  the  amount  appropriated  specific- 
ally for  the  milk-inspection  service,  but  it  is  impossible  to  do  more 
than  to  approximate  its  actual  cost.  Some  of  the  time  of  the  health 
officer  and  of  certain  other  officers  and  employees  in  the  employ  of 
the  health  department  is  given  up  in  part  to  the  service  named,  and  a 
part  of  the  contingent  expenses  of  the  service  are  so  closely  boiuid  up 
with  the  general  contingent  expenses  that  accurate  separation  is  im- 
possible. The  following  statement  shows,  however,  approximately 
the  present  cost  of  the  service  per  annum : 

Anniiiil  cost  <if  inilk-insjn-ctiDn  .icrvice. 

.SPKCIFIC  AITROI'RIATIONS. 

]   inspector,  dairy  farms $1,200 

5  inspectors,  dairy  farms,  at  .$1,000 i5.  000 

1  inspector,  dairies 900 

]   inspector,  collecting  samiiles 900 

1  inspector,  assisting  cbcmist 000 

(nONEUAL  APPKOrRl.VTIONS. 

[I'ro   rata    c-liarf;('al)Ii'    I"    milk-inspectioQ   sim-vr-c] 

20  per  cent  salary  of  health  officer $S00 

20  per  cent  salary  of  assistant  health  officer -WO 

Salary  of  suiiervising  inspecior 1,l!00 

10  per  cent  sjilary  of  chief  inspector l"^') 

25  per  cent  salary  of  chemist -l'"''* 

Salary  of  inspector  detailed  to  assist  chemist 1""' 

5  per  cent  salary  of  inspector  in  charge  of  contagious-disease  service 120 

20  per  cent  salary  of  clerical  force  of  health  department 1.  TOO 

2  per  cent  general  contingent  allotment  to  health  dei>artment TO 

20  per  cent  allotment  f(n-  postage !-■* 

40  per  cent  contingent  fund  for  chemical  laboratory too 

70  per  cent  approprialion  for  traveling  e.vpensos -I,  .500 


Total 10.004 

1414— Bull.  56—00 .50 
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Stateinonts  showing  the  amount  specifically  appropriated  for  tiic 
milk-inspection  service,  and  the  work  accomplished,  are  ajjpended." 

Time  and  space  will  not  permit  a  discussion  of  the  claim  made  I  a 
some  that  the  etforts  of  the  Government  to  bring  about  an  impro\'' 
ment  in  the  milk  supply  have  resulted  in  an  increase  in  the  cost  <>{ 
milk  to  the  consumer.  The  increase  in  the  price  of  milk  is  in  keej)iii;^ 
with  the  increase  in  the  price  of  almost  everything  else  and  is  terri- 
torially too  widely  spread  to  have  been  brought  about  simply  by  ihc 
enactment  or  jDroposed  enactment  of  laws  for  the  improvement  of  llio 
milk  supi^ly.  As  a  matter  of  fact,  too,  very  few  producers  of  milk 
in  this  vicinity  have  any  accurate  idea  of  the  actual  cost  of  prodm 
tion  or  of  the  net  increase  in  the  cost,  if  any,  brought  about  by  th" 
enforcement  of  existing  dairy  regulations.  Not  knowing  the  cost  "t 
production,  the  individual  producer  can  not  fix  intelligently  tli^ 
lowest  price  at  which  milk  must  be  sold  in  order  to  produce  a  fnii 
jjrofit,  but  is  guided  by  general  impressions  only  and  by  prevailiiiL' 
custom.  He  does  undoubtedly  know,  however,  that  the  cost  of  pro- 
duction has  been  increased  by  higher  prices  for  foodstuffs  and  for 
labor;  his  monthly  expenditures  must  show  this.  If  he  proposes  to 
increase  the  price  of  milk  merely  in  proportion  to  the  increase  in  tlie 
cost  of  production  and  to  the  increase  in  the  cost  of  the  farmer's  li\ - 
ing,  the  public  should  not  complain.  But  the  increase  should  be  fairly 
and  frankly  stated,  and  the  necessity  for  it  should  not  be  used  un- 
fairly as  a  club  with  which  to  beat  down  future  legislation  for  the 
improvement  of  the  milk  supply. 


The  results  of  the  milk-inspection  service  rtiTist  not  be  measui'ed 
by  bacterial  counts  or  chemical  analyses.  These  are  mere  incidents. 
The  purpose  of  the  service  is  to  prevent  sickness  and  to  save  human 
lives,  and  by  its  efficiency  in  accomplishing  these  ends  it  must  be 
judged.  In  the  first  place,  then,  the  milk-inspection  service  has 
assisted  the  health  department  in  discovering  outbreaks  of  typhoid 
fever  and  scarlet  fever,  due  to  milk  infection.  Of  these  outbreaks, 
.seveu  were  of  typhoid  fever  and  two  of  scarlet  fever.''  And  the  milk- 
insi:)ecti()n  service  alone  has,  after  the  discovery  of  such  outbreaks, 
enabled  the  health  department  usually  to  locate  the  very  focus  of 
infection,  and  commonly  to  do  so  in  time  to  take  effective  action  (o 
cut  short  the  progi-ess  of  the  disease. 

While  the  relation  between  the  milk  supply  and  the  spread  of  the 
diseases  named  above  is  important,  it  is  less  so  than  is  the  relation 
between  the  milk  supply  and  infant  moi-tality;  the  death  rate  of 
infants  is  the  commonly  accepted  standard  by  which  the  efficiency  <>f  1 

"  See  page  792. 

'For  (lotails  iis  lo  Uu-so  oiilliroaks,  see  page  .'il  et  seq. 
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the  milk-inspoction  service  of  any  community  is  measurctl.  It  may 
be  claimed,  however,  and  with  some  siiow  of  propriety,  tliat  many 
factors  other  than  improvement  in  the  milk  supply  have  been  at  work 
to  reduce  the  number  of  infantile  deaths ;  or  that  a  diminishing  birth 
rate  may  account  for  the  lessening  of  the  infantile  death  rate,  com- 
puted as  that  death  rate  perforce  is,  upon  the  total  population  and 
not  upon  the  basis  of  the  infantile  population  alone.  To  eliminate 
as  nearly  as  possible  error  from  these  causes,  no  effort  has  been  made 
to  gauge  the  results  of  milk  inspection  by  the  general  infantile 
mortality,  but  consideration  has  been  limited  to  one  single  class  of 
diseases,  the  intimate  relation  betw'een  which  and  the  milk  supply 
is  almost  universally  conceded;  that  is,  to  diarrhea  and  enteritis 
occurring  among  children  under  2  years  of  age. 

When  a  sudden  drop  in  the  death  rate  from  any  particular  cause 
is  practically  coincident  with  the  inauguration  of  measures  intended 
to  bring  about  that  very  result,  when  there  is  no  other  discoverable 
cause  for  such  drop,  and  when  the  lower  death  rate  i^ersists  with  the 
continuance  of  such  measures  and  continues  to  fall  in  proportion, 
more  or  less,  to  their  efficiency,  it  is  reasonable  to  suppose  that  the 
relation  of  cause  and  effect  exists.  And  such  are  the  circumstances 
with  respect  to  the  improvement  in  the  milk  supply  of  the  District 
of  Columbia  and  the  diminution  in  the  mortality  from  diarrheal 
diseases  among  persons  less  than  -2  years  old.  The  beginning  of  a 
persistent  fall  in  the  general  death  rate  appears  when  we  compare 
the  figures  for  1892  with  those  for  1893.  A  fall  in  the  death  rate 
of  infants  under  1  year  of  age  appears  at  the  same  time.  But  no 
permanent  lowering  appears  in  the  death  rate  from  diarrhea  and 
enteritis  among  children  under  2  years  of  age  until  the  second  year 
after  the  enactment  of  the  milk  law.  This  law  was  enacted  March  2, 
1895,  and  a  certain  ])eriod  elapsed  before  it  could  be  put  into  effective 
operation.  The  death  rate  from  diarrhea  and  enteritis  among  infants 
during  the  fiscal  year  following  its  enactment  was  168  per  100,000. 
The  next  year  it  had  fallen  to  151,  the  third  year  to  136,  and  the 
fourth  year  to  110.  There  have,  of  course,  been  slight  fluctuations. 
In  the  calendar  year  1900  the  death  rate  rose  to  132  per  100,000,  but 
the  annual  average  for  the  five-year  period,  1900-190-1,  was  only  109, 
and  during  1903  it  fell  to  91.  In  1905  the  rate  was  104,  and  in  1906 
it  was  97.  In  1907  it  was  98,  and  during  1908  it  remained  at  the 
same  figure.  The  death  rate  from  diarrhea  and  enteritis  among  chil- 
dren under  2  years  old  during  the  five-year  period  preceding  the 
enactment  of  the  milk  law,  in  1895,  was  175  per  100,000.  If  the 
same  rate  had  (!ontituied  (hiring  the  thirteen  years  that  elapsed  after 
its  enactment  and  prior  to  December  31,  1908,  the  number  of  deatlis 
from  these  causes  would  have  been  approximately  6,949,  or  2,386 
more  than  actually  occurred.     And  if  the  number  of  fatal  cases  of 
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diarrheii   and  enteritis,  whether  averted   throngh   the  operation  of 
the  niilic  law  or  otherwise,  was  2,38(),  how  much  more  numerous  must 
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liave  been  the  cases  in  which  infants  were  spared  attacks  of  a  milder 
fharacter? 
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Possibly  some  of  the  apparent  saving  of  the  lives  of  184  infants 
yearly,  and  the  ajiparent  prevention  of  sickness,  may  have  been  due 
to  a  diminishing  birth  rate,  but  the  records  of  the  heaUh  depart- 
ment show  no  reason  for  believing  that  it  was  all  due  to  that  cause. 
Some  of  it  may  have  been  due  to  the  improvement  in  the  general 
sanitary  condition  of  the  city ;  some  to  a  better  understanding  on  the 
l^arts  of  parents  as  to  how  to  care  for  their  children;  and  some  to 
increasing  ability  on  the  part  of  the  medical  profession  to  treat  such 
diseases.  These  factors,  however,  had  been  ojDerating  for  a  long 
period  before  the  enactment  of  the  milk  law,  but  without  apparent 
effect.  The  death  rate  from  diarrheal  diseases  of  infants  during  the 
five-year  period,  1880  to  188-1,  was  162  per  100,000;  during  the  next 
period  it  was  108,  and  from  1890  to  1894  it  was  175.  Is  there  any 
reason  to  believe  that  in  1895,  the  very  year  the  milk  law  was  enacted, 
some  circumstance,  as  yet  undiscovered,  rendered  potent  these  there- 
tofore inert  factors,  so  that  in  the  period  from  1895  to  1899  they  made 
the  death  rate  from  infantile  diarrhea  and  infantile  enteritis  fall  to 
135,  during  the  next  period  fall  to  109,  during  the  year  1905  fall  to 
104,  during  the  year  190G  to  97,  and  during  1908  and  1909  to  98? 
Or  was  it  not  the  enactment  of  the  milk  law  in  1895  and  the  continu- 
ous and  increasingly  efficient  enforcement  of  it  that  has  wrought  this 
result?  The  facts  are  here  stated,  and  pending  a  further  study  of 
the  matter  the  reader  nmst  be  left  to  draw  his  own  conclusions.  This, 
however,  can  be  said  without  fear  of  successful  contradiction,  that  if 
the  enactment  of  the  milk  law  of  1895  has  prevented  only  one  iota 
of  the  deaths  and  the  sickness  that  it  seems  to  have  in-evented,  the 
milk-inspection  service  has  amply  justified  its  existence. 

SUPPLEMENTARY     MEMORANDUM— GOVERNMENT     OF     THE     DIS- 
TRICT  OF   COLUMBIA. 

In  order  that  readers  of  this  report  who  do  not  reside  in  the  Dis- 
trict of  Columbia  may  better  comprehend  the  situation  that  exists 
there  with  respect  to  the  supervision  of  the  milk  supply,  the  follow- 
ing statement  is  made.  Those  who  are  residents  of  the  District  of 
Columbia,  or  most  of  them,  are  probably  already  familiar  with  every- 
thing that  it  contains. 

The  District  of  Columbia  covers  only  60  square  miles  of  land, 
lying  on  the  Potomac  River  between  the  States  of  Maryland  and 
Virginia.  According  to  the  federal  census  of  1900  it  had  a  poj^da- 
tion  of  278,718.  The  police  census  of  1906  showed,  however,  a  popu- 
lation of  326,435,  which  is  manifestly  larger  as  compared  witli  Ihe 
federal  returns,  but  is  in  harmony  with  police  censuses  of  other 
recent  years.  Approximately  30  per  cent  of  the  population  is  colored. 
In  view  of  its  large  population  and  relatively  small  area,  the  greater 
part  of  the  District  is  urban  in  character,  and  most  of  the  milk  sup- 
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ply  is  produced  in  neighboring  States.  Tliere  is  in  law  no  deliniitii- 
tion  between  tiie  jjresent  city  of  Washington  mid  the  District  of 
Columbia. 

The  District  of  Columbia  is  not  self-governing,  but  is  under  llie 
control  of  the  Government  of  the  United  States.  All  legislation  of 
any  considerable  importance  is  enacted  by  the  Federal  Congress,  and 
all  appropriations  whatsoever  are  made  by  it.  For  the  latter  purpose 
all  local  revenues  are  paid  into  the  Federal  Treasury.  As  a  very 
general  rule,  any  appropriation  that  is  made  comes  one-half  from 
the  revenues  of  the  District  of  Columbia  and  one-half  from  the  reve- 
nues of  the  United  States,  but  appropriations  have  occasionally  been 
made  wholly  from  local  revenues. 

For  purposes  of  administration,  the  immediate  direction  of  the 
affairs  of  the  District  is  intrusted  to  a  Board  of  Commissioners,  two 
of  whom  are  appointed  by  the  President  from  among  the  residents 
of  the  District  of  Columbia,  and  confirmed  by  the  Senate,  the  third 
Commissioner  being  detailed  from  the  Engineer  Corps  of  the  Army. 
The  general  duties  of  the  Board  of  Commissioners  are  executive,  but 
the  Board  now  has  a  considerable  legislative  power  relating  to  mat- 
ters not  deemed  of  such  vital  importance  as  to  be  reserved  for  the 
exclusive  jurisdiction  of  Congress. 

Laws  and  regulations  relating  to  public  health  are  executed  and 
enforced  by  a  health  officer,  ai^pointed  by  the  Commissioners  and 
resjjonsible  to  them.  There  has  lieen  no  board  of  health  in  the  Dis- 
trict of  .(^olunibia  since  1878,  when  the  present  form  of  government 
was  estalilished.  Prior  to  that  date,  and  as  far  back  as  1871,  there 
had  been  a  board  of  health  created  by  act  of  Congress  having  juris- 
diction over  the  entire  District  of  Columbia,  and  before  that  the  city 
of  AVashington  and  the  city  of  Georgetown,  each  then  a  separate 
municipal  corporation,  had  their  own  boards. 
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E.xiiiniTA. — Showing  rcrtaiii  death  nites  in  lh<- Dix 
after  the  enactment  of  the  milk  law  of 

rirt  of  Columhia  before  and 
March  2.  I8'.)5. 

Year. 

Death  rates  per  1,000  of  entire  population,  u 

General 
death  rate. 

Of  persons 
1  year  and 

Of  persons 
under  1 
year. 

From  diar- 
rhea and 
enteritis 
under  2 
years. 

Fiscal  year: 

1880  .            

2.3.88 
24.60 
22.33 
23.74 
24.64 

10.93 
18.06 
16.47 
17.83 
18.28 

0. 95 
0.54 
5.86 
5.91 
6.36 

2.09 

1881               .         ... 

1.14 

1882 

2.21 

1883 

1..55 

1884 

1.16 

23.85 

17.54 

6.31 

1.62 

1885 

24.77 
22.97 
22.30 
24.23 
23.15 

18.64 
17.03 
16.14 
17.31 
17.28 

6.13 
5.94 
6.16 
6.92 
5.87 

1.79 

1886 

1.44 

1887 

1888 

l.liS 
1..58 

1889 

1.49 

23.48 

17.27 

6.21 

1.68 

1890 '. 

1891 

1892 

23.81 
25.16 
25.36 
23.25 
21.89 

17.43 
19.04 
18.58 
16.96 
16.19 

6.38 
6.12 
6.78 
6.29 
5.70 

'1.46 
1.  69 

1893 

1.88 

1894 

1.89 

23.95 

17.70 

6.25 

1.75 

1893l> 1 

21.23 

21.16 
19.75 
20.54 
20.32 

16.00 
15.84 
15.05 
16.13 
15.93 

5.23 
5.32 
4.70 
4.41 
4.39 

1.10 

1896  

1.68 

1897  

1.51 

1.36 

1899 

1.10 

20.59 

15.77 

4.82 

1.35 

Calendar  year: 

1900 

1901 

1902 

20.61 
20.19 
18.95 
19.08 
19.61 

16.04 
16.07 
14.91 
15.57 
16.05 

4.57 
4.12 
4.04 
3.51 
3.S6 

1.32 
1.15 
1.08 

1903      -. 

.91 

1.02 

19.68 

15.73 

3.95 

1.09 

1905 

19.20 
19.35 
19.25 
18.08 

15.68 
15.57 
15.85 
14.84 

3.52 
3.78 
3.40 
3.24 

1.04 

.97 

1907  

.98 

1908  

.98 

»  Reasonably  accurate  data  are  not  nvallalilc  for  the  calculation  of  these  Infantile  death 
rates  upon  the  hasis  of  the  Infantile  poimlallon  alone. 

"The  act  now  regulating  the  sale  of  milk  iu  (lie  District  was  approved  March  2,  1890. 
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Exhibit   H. — Caul  ami  tiork  of  tlic  inilk-iiifipcclioii   scrricc  of  the  Dixtiirl  of 
dolumhia. 


[Appropriations  made  for  the  supervision  and  control  of  tlie  milk  supply  of  tbe  District  of 
Columbia.] 


Number  of  employees  of  each  grade. 

Traveling 

Contingent 

Fiscal  year. 

$400. 

8900. 

$1,000. 

$1,200. 

$1,500. 

$1,600. 

$1,800. 

outside 
District  of 
Columbia. 

chemical 
labora- 
tory. 

propriation 
act. 

1895-6 

"l 

i>l 

$250 

Mar.     2, 1895 

1896-7 

1897-8 

Mar.     3, 1897 

1898-9 



1899-1900 

Mar.    3, 1899 
June    6, 1900 

1900-1 

1 
5 
7 
7 

3 

3 
3 
3 
3 

4 

4 
4 
5 

i>l 

61 

1901-2 

1902-3 

!>1 

(■1 

M 
M 
61 

61 

ma-i 

1,200 
(          1,200 
1             300 
1,200 
1,.500 
2,000 
3,000 

July     1, 1902 
Apr.  27,1904 

1904-5 

I      dl,00o| 

d  1,000 
■il.OOO 
■il.OOO 
'il,000 

1905-G 

«Mar.     3, 19«; 

1906-7 

1907-8 

1908-9 

May  26,  I9a8 

«  Vi'ti-rinarian  to  all  branches  of  the  District  government. 

*  Clicmist  ;  performs  all  chemical  work  for  the  health  department  and  much  for  other 
branches  of   District  government. 

'■  Inspector  of  live-stock  and  dairy  farms. 

I"  This  fund  covers  all  expenses  of"  chemical  laboratory,  whether  related  to  milk  or  not. 

'  Deficiency. 

LThe  records  of  the  inspection  of  dairies  has  not  been  kept  in  such  a  manner  as  to  permit 
the  making  of  a  statement  showing  the  relative  amount  of  work  done  from  year  to 
year.] 


Year. 

Number 
of  dairy 
farms  in- 
spected. 

Number 
of  inspec- 
tions of 
dairy 
farms. 

Number 
of  cattle 
on  dairy 
farms. 

Number 
of  inspec- 
tions of 
cattle. 

Number 

of 
samples 
ofmUk 
analyzed. 

Number 

of 
samples 
of  cream 
analyzed 

1894-5 

545 

479 

244 

350 

273 

413 

776 

4,737 

6,090 

7,798 

7,803 

6,060 

4.511 

4,652 

3,0.59 

1895-6 

1867-7 

405 

596 
806 
957 
2,265 
3,399 
4,092 
3,033 
3,526 
3,932 
4,407 
4.294 

|. 

1897-8 

- 

1898-9 

3,240 
3,508 
15, 459 
38,645 
64,879 
69,108 
61,708 
.59,851 
65,600 
73,142 
70,231 

1899-1900 

1900-1 

841 
W 
788 
807 
930 
918 
883 
904 
902 

1901-2 

1902-3 

15,930 
17,733 
16,106 
16,250 
15,950 
10,172 
10,110 

19a3-4 

1904-5 

19a5-« 

1906-7 

1907-8.... 

1908-9 

.'IM 

"The  record  for  the  year  1898  falls  to  show  the  number  of  inspections  of  dairy  farms 
actually  made. 

'The  record  for  the  year  lllO'J  falls  to  show  the  number  of  farms  actually  inspected. 
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Exhibit  C. — Selected  fornix  iikciI  in  the  inilk-inxpecfion  fservicc  of  the  District  of 
Ciilinnbin. 

APPLICATION  FOR  PERMISSION  TO  KRING  OR  SEND  MILK  INTO  THE  DISTRICT 
OF  COLUMBIA. 

INSTRUCTIONS    TO    APPLICANTS. 

1.  The  act  to  regulate  the  sale  of  milk  in  the  District  of  Columbia  provides 
that  no  person  shall  bring  or  send  into  the  District  of  Columbia  for  sale  any 
milk  without  a  permit  so  to  do  from  the  health  officer  of  said  District,  and  that 
such  permits  shall  be  issued  subject  to  the  following  conditions : 

That  none  but  pure  and  unadulterated  milk  shall  be,  with  knowledge  of  its 
Impui'ity,  brought  into  said  District. 

That  in  the  management  of  the  dairy  farm  upon  which  the  milk  is  produced, 
or  of  the  dairy  at  which  the  milk  is  collected  and  stored  prior  to  shipment, 
the  applicant  shall  be  governed  by  the  regulations  of  the  health  office  of  the 
District  of  Columbia,  approved  by  the  Commissioners  of  said  District,  issued 
for  dairies  and  dairy  farms  in  said  District,  when  said  regulations  do  not  con- 
flict with  the  laws  of  the  State  in  which  said  dairy  or  dairy  farm  is  located. 

A  copy  of  the  regulations  above  referred  to  is  herewith  inclosed. 

The  said  dairy  or  dairy  farm  may  be  inspected  at  any  time  without  notice 
by  the  health  officer  of  the  District  of  Columbia  or  his  duly  ajjpolnted  repre- 
sentatives. 

2.  This  application  should  be  made  out  in  ink  and  signed  with  your  fiili  name. 
If  aiiiilicnnt  is  a  married  woman  she  should  sign  her  own  name  in  full  and 
insert  her  husband's  name  in  the  space  provided  for  that  purpose. 

3.  To  insure  the  freedom  of  your  dairy  herd  from  tuberculosis  it  is  advised 
that  it  be  tuberculin  tested  and  suitable  disposition  made  of  reacting  animals. 
In  no  other  vv;iy  can  its  freedom  from  tuberculosis  be  demonstrated.  If  you 
desire  to  have  the  tuberculin  test  applied  sign  the  accompanying  blank  form 
of  agreement  for  that  i)nrpose  and  return  It  to  this  department.  It  will  then 
be  transmitted  to  the  Bureau  of  Animal  Industry,  and  your  herd  will  be  tested 
without  cost  to  you.  This  test  should  by  all  means  be  made,  thereby  removing 
a  source  of  infection  to  your  well  cattle  and  protecting  the  persons  who  con- 
sume  your   milk. 

4.  Under  the  law  no  permit  can  be  issued  until  after  the  health  officer  is  satis- 
fied that  the  milk  from  the  dairy  farm  to  which  the  permit  relates  will  be  brought 
into  the  District  of  Columbia  for  sale  and  distribution  without  danger  to  public 
health.  Immediately  after  the  filing  of  the  application,  however,  if  it  be  In 
proper  form,  the  applicant  can  lawfully  bring  or  send  milk  Into  the  District 
of  Columbia  and  can  continue  to  do  so  until  after  his  application  has  been 
acted  upon  by  the  health  officer.  An  insitection  of  your  premises  will  be  made 
as  soon  as  practicable  after  the  filing  of  your  application. 

.').  Ajiplication  for  a  permit,  and  the  acceptance  of  a  permit,  each  binds  the 
applicant  and  licensee  to  compliance  with  the  conditions  stated  above.  Viola- 
tion of  said  conditions  renders  the  permit  voidable  and  unless  satisfactorily 
exjilained  will  result  in  the  cancellation  of  th(>  permit  on  the  books  of  the 
health    department. 

\Vm.  C.  Woodwaki),   M.  D., 

Uvallh  OiJiccr, 
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To  the  Hcnltli  Offlcrr,  Districi  of  CcdumUa: 

In  compliance  with  "An  act  to  regulate  the  sale  of  milli  in  the  Districi  of 
Columbia,  and  for  other  purposes,"  I  hereby  malie  application  for  a  permit  to 
send  or  bring  mills  into  said  District  from  the  premises  described  below,  located 

[Give   name   of   road,   nearest   cross   road,   and   anything   that   will   aid   the   inspector  in 

locatine  premises.  1 

(Whole  milk. 
Skim  milk. 
Cream. 

Shipped  in— Wagon Boat Railroad 

Time  of  delivery IMace  of  delivery 

Consigned  to 

Desckii'tion  or  Premises. 

STABLE. 

Ijbcation : 

How  far  from  the  stal)le  are  the  hogpens? 

How  far  from  the  stable  is  the  manure  stored? 

Is  there  any  standing  water  near  the  stable? 

Is  the  stable  used  for  any  other  than  dairy  purposes? 

Room  for  cattle: 

Size:  Feet  long feet  wide average  height,  feet 

Total  clear  air  space  per  stall,  in  cubic  feet 

Floor: 

Kind  :  Cement Plank 

How  drained? 

What  becomes  of  tlie  drainage? 

Lighting  and  ventilation  : 

Number  of  windows:  Glass Muslin  curtain 

Total  number  of  square  feet  in  glass  windows 

Total  number  of  square  feet  in  glass  ])er  stall 

Total  number  of  square  feet  in  muslin  windows 

Total  number  of  square  feet  in  muslin  windows  per  stall 

Number  of  ad.iustable  windows Number  of  nonadjustable  windows — 

Ventilation  other  than  by  windows: 

Number  of  inlets Total  area  in  square  feet 

Number  of  outlets Total  .area  in  square  feet 

l.ocallon  (if  inlets 

Local  ion  of  outlets 

Stalls: 

How  many? Size  of  eacli,  feet  long ,  feet  wide 

What  kind  of  lie  is  used  for  the  cattle? 

Is  iKsldiug  used  for  the  cattle? Kind 

P'eed  mangers: 

Plank Cement 

If  a  continuous  trough  in  front  of  tlie  line  of  stalls,  is  each  animal  allotted 

space  separjited  by  a  partition? 

How  are  feed  troughs  cleaned? 
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How  are  cattle  watered? 

From  well spring running  stream-- 

If  from  well,  state  location,  distance,  and  slope  of  ground  from- 

Nearest  privy 

Hogpens 

Stable 

Barnyard . 

(iive  the  api)roximate  depth  of  well feet 

IIow  is  well  jiroteeted  against  surface  drainage? 


Has  the  water  any  i)erceiitiljle  odor? color? taste? 

nARNVARD. 

Size:  Feet  long feet  wide 

What  disposition  is  made  of  the  drainage  from  the  l)arnyard? 

Is  manure  stored  in  the  barnyard? If  so,  is  it  protected  by  a 

barrier  to  prevent  cattle  from  walking  through  it? 

If  manure  is  not  stored  in  barnyard,  what  disposition  is  made  of  it? 

DAIRY    ROOM. 

Size.     Feet  long feet  wide 

Construction  of.     Floor Walls Ceiling 

IIow  is  dairy  room  drained? 

Location. 

How  far  is  dairy  room  located  from  stable? 

How  far  is  daii-y  room  located  from  privy? 

How  far  is  dairy  room  located  from  manure  pile? 

IIow  far  is  dairy  room  located  from  liogiiens  or  any  other  source  of  con- 
tamination?  

Is  the  dairy  room  effectually  screened? 

Do  you  have  a  separate  wash  room  for  dairy  utensils? 

If  so,  describe  the  same 


METHODS  OF   HANDLING   MILK. 


Kind  of  receptacles  used? 

How  are  the  dairy  utensils  cleaned? 

How  is  water  heated  for  cleaning  dairy  utensils? 

How  much  water  can  be  heated  at  one  time? 

Are  dairy  utensils  sterilized  with  steam  or  boiling  water? 

Are  the  dairy  utensils  aired  in  sunlight  after  cleaning? 

Is  the  mill;  cooled  innnediately  after  milking? 

Where  is  the  milk  cooled? 

How   is  the  milk   cooled? 

To  wlial   Icuipcr.iture  is  the  milk  cooled? 

Are  i.nis  of  milk  or  cream  ic(>d  diuMng  transportation  in  hot  weather' 

Arc  tlicy  covered  with  wet  blanket? 

Do  you  use  small  top  milking  jiail? 

Source  of  water  supply  for  washing  dairy  uteusils 
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If  from  well,  state  lofiitiou,  distance,  juul  slope  of  ground  from — 

Nearest   privy 

Hogpens   

Stable 

Barnyard 

Give  tbe  approximate  depth  of  well feet. 

How  is  well  protected  against  surface  drainage? 

Has  the  water  any  perceptible  odor? color? taste?_ 


Location   

Is  the  excreta  deposited  directly  on  ground  or  in  a  receptacle? 

If  recejitacle  is  used,  is  it  water-tight? 

How  often  are  the  contents  of  the  receptacle  removed  and  where  are  they  de- 
posited?  

Are  covers  iirovided  for  the  seats? Is  privy  effectually  screened? 

CATTLE. 

How  many  milch  cows  are  usually  kept? 

Have  the  dairy  cattle  been  tuberculin  tested? 

How  are  cows  cleaned? How  often 

Do  niilliers  wash  and  wipe  the  udders  before  milliing? ; 

Do  milkers  wash  their  hands  before  millving? 

What  facilities  are  provided,  if  any,  in  tbe  stable  or  dairy,  or  both,  for  cleansing 
the  hands  of  those  persons  who  work  with  or  about  tbe  cattle  or  handle  milk 

or  the  dairy  utensils? 

Signature  of  Applicant ^ 

I'ost-Offlce  Address 

Husl)and's   Name 

I  To  lie  (illod  in  if  applicant  is  a  married  woman.] 

Veterinarian's  Certificate. 

[Thp  veterinarian's  certificate  must  be  from  one  who  has  regularly  graduated  from  a 
veterinary  medical  college,  or  who  practices  under  a  license  from  a  state  examining 
hoard.  If  unable  to  secure  the  services  of  such,  so  state  on  vour  application  blank,  and. 
all  other  conditions  being  satisfactory,  action  will  be  suspended  until  this  requirement  is 
met,  thus  enabling  you  to  send  or  bring  milk  into  the  District  without  violation  of  exist- 
ing law.] 

Sir:    I  have  carefully  examined  the  cattle  upon  the  jiremises  above  referred 

In,  mill  llieir  condition  is  as  follows:  

Signature 

Address 

IVrsoiiiilly  ai)iieared  I)efore  me  this  day  of ,  19     ,  the  subscriber. 

who  being  duly  sworn  deposes  and  says  that  he  Is  a  veterinary  surgeon  practic- 
hig  in  accordance  with  the  laws  of  the  State  in  which  ho  resides,  and  that  be 
has  jiorsonally  examined  the  cattle  referred  to  in  the  above  statement  and 
knows  them  to  be  the  same  as  are  referred  to  in  the  applicition  to  which  the 
certificate  is  aiipended.  niul  tliat  I  heir  i-ondition  is  corrtrtly  described  without 
evasion  or  concealment. 

Sigii.-iture 

Address 
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United  Statks  Diopartment  of  Agriculture. 
Bureau  of  Auiiniil  luduKtnj. 

AGHKEMENT. 

In  consideration  of  tlio  tcstiiig  of  my  liord  of  cattle  Ijy  the  Bureau  of  Animal 
Industry  of  the  United  States  Deiiai-tment  of  Agriculture,  and  tlie  assistance 
of  said  Inirean  in  enablini;  nu'  lo  |)rodui('  and  maintain  a  herd  of  cattle  free 

from  the  contamination  of  tuI)erculosis,  I, 

[Name  of 'owner.  1 

of ,  owner  of  said  herd  of  cattle, 

[Post-ofBee  address.] 
comprising 

[Number  and  kinds  over  6  months  old  ;  number  and  kinds  under  (!  months  old.] 

do  hereby  agree  as  follows : 

1.  I  will  cause  all  animals  wliich  react  to  tlie  tuberculin  test,  and  which  also 
show  other  marked  symiitonis  of  tuberculosis,  to  be  slaughtered  within  a  reason 
able  time  under  the  United  States  meat-insijection  regulations,  and  I  will  cause 
the  carcasses  of  said  animals  to  be  disiiosed  of  according  to  the  meat-insiiection 
regulations  of  the  Biireau  of  Animal  Industry,  based  upon  the  lesions  found 
upon  inspection. 

2.  I  will  cause  all  animals  which  react  to  the  tuberculin  test,  but  which  show 
no  other  evidence  of  tuberculosis,  either  to  be  slaughtere<l  and  disposed  of  as 
herein  provided  for  animals  which  show  also  other  evidence  of  tuberculosis,  or 
I  will  c.iuse  such  animals  to  I)e  removed  from  the  herd  and  portion  of  the  farm 
upon  which  the  healthy  animals  of  the  lierd  are  maintained,  and  I  will  cause 
the  diseased  animals  to  be  segregated  from  the  healthy  animals,  and  thereafter 
they  shall  remain  so  segregated. 

3.  In  all  cases  where  the  milk  from  such  segregated  reacting  cows  is  to  be 
used  for  any  purpose  whatever  I  will  cause  the  said  milk  to  be  sterilized.^ 

4.  Segregated  reacting  bulls  may  be  used  for  breeding,  provide*l  they  are 
held  on  leash  and  are  not  iiermitted  to  leave  the  premises  i-eserved  for  their  use, 
and  provided  the  healthy  cows  bred  to  such  bulls  are  not  unduly  exposed  to 
infected  i)remises  or  to  other  diseased  cattle. 

5.  I  will  cause  the  young  from  segregated  reacting  animals  to  be  removed 
from  their  mothers  at  birth,  and  will  not  permit  the  said  young  to  suck  their 
mothers. 

C.  Any  of  my  iiremises  cont.iminated  liy  reacting  animals  will  be  submitted 
by  me  to  a  thorough  disinfecticju  unil(>r  the  direction  or  supervision  of  the 
Bureau  of  Animal  Industry. 

7.  All  cattle  owned  by  me,  both  healthy  and  tuberculous,  I  will  iii.irk.  nr 
allow  to  be  marked,  in  such  manner  as  to  enable  their  identity  to  be  retained, 
and  I  will  not  change  the  location  of  or  slaughter  any  tuberculosis  cattle  except 
after  due  and  timely  notifi<"ition  to  the  Bureau  of  Animal  Industry,  stating  the 
exact  nature  of  the  change  of  location,  or  the  exact  date,  name,  and  address 
of  the  official  establishment  at  which  the;  animal  or  animals  are  to  b<'  slaugh- 
tered. 

8.  I  will  add  no  cattle  to  the  said  herd  which  have  not  passed  a  tuberculin 
test  with  the  tuberculin  jirepared  by  the  Bureau  of  Animal  Industry,  adiniu- 

°An  act  to  regulate  the  sale  of  milk  in  the  District  of  Columbia  states  that 
it  shall  not  be  lawful  for  iiiiy  person  or  i)ersons  to  sell  or  offer  for  siile,  within 
the  District  of  Columbia,  milk  taken  from  any  cow  which  is  known  to  be  suffer- 
ing from  tuberculosis. 
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istPi-ed  by  m  licensed  veterinarian  of  the  State,  an  authorized  public  aKcnt 
qualified  to  perform  such  test,  or  by  an  inspector  of  the  lUireau  of  Animal 
Industry:  Proridrd,  That  I  may  i)urchase  cattle  to  be  added  to  my  herd  if  the 
said  cattle  are  kept  effectually  separated  from  the  rest  of  my  tuberculin-tested 
cattle  until  the  same  can  be  tuberculin  tested,  and  I  will  immediately  notify  the 
Bureau  of  Animal  Industry  and  the  local  board  of  health  that  these  cattle  are 
on  my  premises  subject  to  test. 

9.  I  will  comply  with  all  reasonable  sanitary  measures  which  are  indicated 
by  the  proper  oflftcials  of  the  State  or  Territory  wherein  my  herd  is  located,  or 
by  the  local  board  of  health  under  whose  permit  I  am  disposing  of  dairy 
products,  or  by  the  Bureau  of  Animal  Industry. 

In  witness  whereof  I  have  signed  this  agreement  this day  of 

,  one  thousand  nine  hundred  and 

Owner  of  the hcfd. 

(Address)   

Witness : 


Application  for  Permission  to  Maint.\in  a  Dairy   within   the  District  of 

COLUMBI.^. 

instructions  to  applicants. 

1.  The  act  to  regulate  the  sale  of  milk  in  the  District  of  Columbia  provides 
that  •■  no  iK?rson  shall  maintain  a  dairy  within  the  District  of  Columbia  without 
a  permit  so  to  do  from  the  health  officer  of  said  District." 

2.  This  application  should  be  made  out  in  ink  and  signed  ,with  your  full 
name. 

;{.  Under  the  law  no  permit  can  be  issued  until  after  the  dairy  to  which  this 
permit  relates  is  found  to  conform  to  the  regulations  governing  dairies  and 
dairy  farms  within  the  District  of  Columbia.  Immediately  after  the  filing  of  I 
the  application,  however,  if  It  be  in  proper  form,  the  applicant  can  lawfully  \ 
begin  business  and  continue  the  same  until  after  his  application  has  been  acted 
n|ion  by  the  health  officer.  An  inspection  of  your  premises  will  be  made  as 
soon  as  practicable  after  the  filing  of  your  application. 

■1.  A  copy  of  the  regulations  above  referred  to  is  inclosed  herewith. 

Wm.  C.  Woodward.  M.  D.. 

niiillh  Offlcci: 

To  llic  Iliiillh   Officrr.  Di.^trirt  of  Cntiimhin. 

Sir:  In  coiniiliance  witli  "An  act  to  regulate  the  sale  of  milk  in  llic  District 
of  Columbia,  and  for  other  purposes."  I  hereby  make  application  for  a  permit 
to  mainlain  a  dairy,  described  below,  located 

|(iivo  street  and  iuiml)cr.] 


799 

DESCRIPTION    OK    PREMISES. 

Construction  of  linil(liug<_  .  , 
I  Brick. 

Xuihber  and  location  of  rooms  used  for  dairy  purposes 

Aeutilation  and  light.     Number  of  windows ;  doors 

Floor:  Wood,  concrete,  brick,  brick  and  concrete 

How  is  the  floor  drained'.' 

•State  location  of  water-closets,  privies,  and  urinals  on  the  premises 

Are  premises  used  for  any  purpose  other  than  the  sale  of  dairy  products?     If 
so.  what? 

{Steam. 
Hot. 
Cold. 

Describe  facilities  for  cleaning  cans,  bottles,  and  utensils 

Describe  facilities  for  storing 

How  is  milk  cooled? 

Is  the  dairy  screened  as  required  by  law? 

iMilk. 
Gallons  sold  daily  J  Cream. 

[Buttermilk. 

Number  of  receptacles  used ;  kind 

Number  of  wagons 

List  of  shippers 

If  business  is  to  be  operated  under  a  trade  name,  please  state  such  name 

Respectfully. 


Name 

Address- 


acknowledgment  of  receipt  of  applications. 

Commissioners  of  the  District  of  Columbia, 

Health  Department, 
Dairy  and  Dairy  Farm  Inspection  Service, 

Wdxhiiifitan,  D.  C JO— 

This  department  is  in  receipt  of  your  apiilication  for 

fconduct  a  dairy  in 1 

permission  lojconduct  a  dairy  farm  in ithe  District  of  Columbia. 

iliring  or  send  milk  and  cream  into-.J 
Having  liU^d  (lie  said  ;ipiilication  you  may  now  lawfully  begin  business  and 
continue  the  same  until  tina!  action  has  been  taken  upon  your  iipplicalion.     An 
inspection  of  your  esfjiblishment  will  be  made  at  an  early  date. 
Resi)ectfullv. 

M.  D., 

IlrnUh  Officer. 


['lease  preserve  this  card  as  evidence  of  your  atitliority  to  onRaRe  in  the  above  business. 
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Health  Dkpaktment.  District  of  Columbia. 


DAIRY    riCRMTT. 

l'(>niiisRiou   is  hereby  si-;in(o(l to   niaiutain  a   dairy   at subject  to 

rejiulations  governing  dairies  within  tlie  District  of  Columbia. 

,  M.  D., 

llraUh  Offlrrr. 

,  190__ 

Issued  in  aecordance  with  an  "Act  to  regulate  the  sale  of  niilli  in  the  District 
of  Columbia,  and  for  other  puriioses,"  ariproyed  March  2,  1895. 

This  permit  is  not  transferable,  and  applies  only  to  the  premises  specified  hereon. 
If  location  is  chanwd,  new  permit  is  required. 


i 


Health  Department,  District  of  Columbia. 
life 

DAIRY    FARM    PERMIT. 

Permission  is  hereby  granted to  maintain  a  dairy  farm  at subject 

to  regulations  governing  dairy  farms  within  the  District  of  Columbia. 

M.  D., 

Hcallli  Officer. 

,  190— 

Issued  in  accordance  wath  an  "Act  to  regulate  the  sale  of  milk  within  the 
District  of  Columbia,  and  for  other  puriioses."  approved  March  2,  1895. 

This  permit  is  not  transferable. 


Health  Department.  District  of  Columbia. 
No 

MILK    importer's    PERMIT. 

Permission  is  hereby  jiranted to  bring  or  send  milk  into  the  District 

of  ("oluinbia  from  llic  ilairy  t'arni  loc.-ited  at and  described  in  application 

Xo.  -  .  sulije<-t  111  I  be  following  conditions: 

Tb.-il  HOIK'  but  pure  ;ind  niiaduUerated  milk  shall  be,  with  knowledge  of  its 
impurity,  brought  into  said  District. 

Tliat  in  the  management  of  the  dairy  farm  upon  which  the  milk  is  produced, 
or  at  the  dairy  at  which  the  milk  is  collected  and  stored  prior  to  shipment, 
the  applicant  shall  be  governed  by  the  regulations  of  the  health  ofiice  of  the 
District  of  Coliimliia,  ai)proved  by  the  Commissioners  of  said  District,  issued 
for  dairies  and  d.iiry  fanns  in  said  District,  when  said  regulations  do  not 
<'onllict  with  I  lie  law  nf  llie  Stale  in  which  said  dairy  or  dairy  farm  is  located. 

That  said  dairy  or  dairy  farm  may  be  inspected  at  any  time  without  notice 
by  the  health  officer  of  the  District  of  Columbia  or  his  duly  appointed  repre- 
sentative. 

M.  D., 

Tfciillli  Officrr. 
,190 

Issued  in  .■icedrdance  with  an  "Act  to  regulate  lh(>  sale  of  inilU  in  the  District 
of  CoUimbia.  iiiid  for  other  purposes,"  ajiproved  March  2,  1895. 

This  permit  is  not  transferable. 
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Notice  of  violation,  of  dairy  regulations. 

Any  objection  to  this  notice  should  be  filed  with  the  health  officer  before  the 
expiration  of  the  time  allowed  for  making  the  changes  specified. 

Health  Depaetment,  District  of  Columbia. 


DAIRY    .VNI)    DAIRY    FARM    INSPECTION. 

Washington. 190— 

Mr 

Sir  :  Your  attention  is  called  to  the  following  violations  of  the  Regulations  for 
the  Giivenunent  of  Dairies  and  Dairy  Farms,  which  have  been  found  to  exist 
upon  your  premises: 

You  are  hereby  notified  to  correct  the  same  within days  from  the  date 

of  service  of  this  notice. 

By  order  of  the  health  officer. 


Inspector  of  Dairies  and  Duinj  Farms. 


(Uuivellutiou  of  permit — preliminary  inspector's  notice. 
Health  Department  of  the  District  of  Columbia. 

DAIRY    and    DAIRY'    FARM    INSPECTION. 

,    190.- 

Mr 

Sir:  An  inspection  of  your  dairy  farm  this  date  sho'ws  that  you  are  violating 
the  conditions  under  which  your  permit.  No. ,  was  issued,  namely,  ^ 

You  are  therefore  directed  to  show  cause  in  writing  to  the  health  otticer  on 
or  before ,  190__.  why  your  permit  should  not  be  canceled. 

By  order  of  health  officer. 


Inspector. 


(Uinccliiilion  of  permit — licallli  officer's  preliminiirji  letter. 

^y(l■tllillgton.   /.W.- 
Mr  

Sib:  I  have  the  honor  to  inform  you  that  the  report  of  Inspector , 

of  this  department,  dated ,  IOC,  shows  that  you  are  violating  the  condi- 
tions under  which  your  permit.  No. ,  to  bring  or  send  milk  into  the  Dis- 
trict of  Columbia  was  issued,  namely,  In  view  of  this  fact,  you  are 

hereby  direcled  to  show  cause  on  or  before why  your  perniil  should  not  be 

revoked. 

Respectfully,  ,  .M.   I ).. 

IJeallli  Officer. 
1414— Bull.   50—0!) 51 
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Health  Dki-artmint  of  the  Diktkkt  of  Columbia, 
Duinj  and  Dairy-Fnrm  InsiicctUin  Service. 

SCORE  CARD  FOR  DAIRY  FARMS. 

of Location Consignpo 

it  niimhiM- IX  r.,  Md.,  Va.      10 Uating. 


Scoi 


roi- 


ptni'iit +   Score  foi-  iiKlliixIs 

f  wairr  supply 


Soiiicc  of  wall  r  siiimlv (iiiicnil  coiuUtlon  of  fnrni- 

Viohillons  of  rcKulallonH,  sec Vlolnllons  of  act,  sec. 

Notices  served,  to  correct,  to  show  cause  by 

Uemarks . 


Equipment. 

Score. 

Methods. 

Score. 

Perfect. 

Allowed. 

Perfect. 

Allowed. 

Cows,  W. 
Comfort: 

1 
1 
2 

1 
1 

4 

3 
3 

3 
2 
2 

I 
I 

Cows  and  stables,  18. 
Cleanliness  of  stables: 

2 
1 
1 

1 
1 
6 

2 

6 
(5 
3 

3 

6 

2 

2 
3 

5 
3 
3 

Temperature  of  stable 

Walls... 

Ceiling  and  ledges 

Mangers  and  partitions. . . 

Light:  Four  square  feet  or  more 

Barnyard:    Clean    and    well 

(Three   squai'e   feet,   3;   2 
square     feet,   2;     1    square 
foot,  1.) 
Ventilation:  Automatic  system. 

(Adjustable  windows,  1.) 
Cubic  feet  air  space  per  cow, 

Removal  of  manure  daily  to 
field  or  pit           

(Manure  stored  less  than 
50  feet  from  stable,  0.) 

VtcnMls  and  milking,  24. 

Care  and  cleanliness  of  uten- 
sils: 

Thoroughly  cleansed 

Steaming  or  scalding  uten- 

(Less  than  I'lOO  feet,  2;  less 
than  500  feet.  0.) 

Stables,  0. 

Location  of  stable: 

Inverting  utensils  in  pure 

air  and  sunlight 

Cleanliness  of  milking: 

p'ree  from  contaminating 

Udders  washed  and  dried. 
(Udders     cleaned     with 
moist  cloth,  4.) 

Handling  the  milk,  SO. 

Cleanliness  of  attendants 

Milk  of  each  cow  removed  im- 
mediately from  the  stable.. 

Cleanliness  of  milk  room 

Prompt  cooling  (cooled  Im- 
mediately    after     milking 
each  cow ) 

EfTicienl  r.ii.li.i-    l.rlmi  .".ii""  F. 
(51°li..ii  ,  1    -   III  1  "■',-'.) 

Storage:  r.iiin\    1"    1 

(srtu.i.v  .  J... I.  luiiir,  1.) 

Tight,    sound    floor    and 

Smooth,   tight  walls  and 

Proper  stall,  tie,  and  man- 

Utcnsils,  H. 

Water  for  cleaning:  Clean,  con- 

F'aciliiii'    I'H    '■  nil 

(lli.i    u.mi      iiiiirient  to 

Small-lop  iiiilkinn  pail 

Milk  cooler 

( For  jacket  or  wet  blanket 
allow  2:  dry  blanket  or  cov- 
ered wagon,  1.) 

Total 

Handling  the  milk,  4. 

Location  of  milk  room: 

Free  from  contaiiiinating 

(■(MlVrTlirlil 

Con.siiiiriioii ..(  milk  loom: 
Filler-;,  walls,  anil  celling.. 
Light,     ventilation,     and 

Total 

40 

m 

Inspector. 
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Score  for  cattle. 
[Printed  on  back  of  score  card  for  dairy  farms.] 


Total  possible  score  for  lierd. 


Deductions  on  account  of  cattle  diseased,  etc. 


Nature  of  disease,  defect,  etc. 


1.  Tuberculosis  as  shown  by  a  physical  examination,  or  by  the 

tuberculin  test. 

2.  Absence  of  a  tuberculin  test  within  one  year  of  the  date  of 

inspection,  not  to  include  cattle  scored  wwicr  paragraph  1. 

3.  Inflammatory  diseases  of  the  udder 

4.  Diseases  other  than  or  in  addition  to  the  diseases  mentioned 

above. 

5.  Unclean  condition  of  the  teats  and  udders 

6.  Unclean  condition  of  the  cows  other  than  specified  in  the 

preceding  paragraph 

7.  Undue  emaciation  or  cows  otherwise  out  of  condition 


Total  deduction  for  herd 

Net  .score 

Nc(   sc<irc    ( I    divided  by   the  total  possible  .score  for  herd    ( )    equals 

licrcentai;e    score 


Inspector. 

The  health  department  believes  that  it  a  cow  is  suffering  from  tuberculosis,  her  entire 
value  as  a  dairy  cow  is  gone.  If  she  is  suffering  from  an  Inflammatory  disease  of  the 
udder,  as  well  as  from  tuberculosis,  she  becomes  even  a  greater  danger  to  the  herd. 
And  if  she  is  furthermore  otherwise  diseased,  or  out  of  condition,  or  dirty,  she  becomes 
even  a  more  serious  menace  to  public  health.  For  these  reasons  the  above  system  of 
scoring  has  been  arranged  so  that  an  individual  cow  may  count  against  the  score  of  the 
entire  herd  more  than  would  have  been  allotted  to  her  liad  she  been  in  perfect  condition. 

All  cows  stabled  with  the  dairy  herd  or  found  in  the  milking  line  will  be  scored  as  part 
of  the  herd. 
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Health  Department  of  the  District  of  Columbia. 

Dairy  and  Dninj  Farm  Hi'rricc. 

SCORE  c\nn  fou  daihie.s. 

wuer  or  manager Trade  name 

Permit  No 

I  Milk 
Cream 
Buttermilk- 


sirret  and  No 

Number  of  wagons. 


Equipment. 

Score. 

Methods. 

Score. 

Perfect. 

Allowed. 

Perfect. 

Allowed. 

Plant: 

Location 10 

2 

Plant: 

Cleanliness 15 

Floor. . 

3 

8 

Walls 

2 

Arrangement 5 

Ceilings 

4 

1 

0 

Doors 

Windows 

5 
30 

5 
10 

5 
20 

10 
5 

Floor  and  drainage 

Walls 

Free  from  odors 

Freedom  from  flies. . . 

Machinery  and  utensils- 
Cleanliness  

MUk— (Handling)....  20 

3 

1 
5 
5 
5 

Light 

Machinery  and  utensils. 30 
(Kind,  quality,  condi- 
tion,  and    arrange- 

Bottlmg 

5 

5 
5 
S 
5 

45°  F.  or  below...  20 

45°  to50°F 15 

50°  to  55°  F 10 

Salesroom- 

Bottling  machine 

Capping  machine 

Attendants'    cleanli- 

5 
10 

Water  for  cleaning 20 

.\dditional  deductions  for  ex- 
ceptionally bad  conditions. 

100 

5 
5 

3 
4 
3 

Sale,sroom 10 

100 

Additional  deductions  for  ex- 
ceptionally bad  conditions. 



Total  deductions 

Net  total 

Scoi-e    for   equipment 

Sciiri'   fur   methods 

Total  to  be  divided  by  .■?. 
Final  score  


multiplied  by   1_ 
multiplied  by  2- 


Supplemental  score  for  wagons. 

Perfect. 

Allowed. 

This  score  does  not  cover  quality  of  milk  pur- 

3 
7 

chased  by  this  dealer. 

10 

Inspector. 
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CoUertion  of  samples — Inspector's  memornndum  and  Inhel. 


I.S.  No, 
Label... 


190..     Sold  aH. 


Bought  by  dealer  of. 
Dealer 


Salesman Price  paid 


Bought  by on . 

Delivered  to on. 

Remarks 


.per.. 

.at... 
.at. .. 


fa.  m. 
Ip.  m. 


IP- 


Inspector. 


Bureau  of  Ciikmis 


Bureau  of  CnEsiisTRY. 


Bureau  of  Chemi!<tri  . 


Inspector's  description  of  sample. 

Health   Department  of  the  District  of  Columbia, 

Washington, ,  190- 

RErOliT    OF    ANALYSIS. 

Substances  offered  for  sale  or  sold  as— 

Milk Cream Skimmed  milk 

by 


1 

2 

3 

4 

5 

6 

7 

8 

0 

1« 

Per 

cent. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

Per 

cent. 

Per 

cent. 

Per 
cent. 

Per 

cent. 

Per 
cent. 

Pe 
cen 

1 

'A  check  indicates  tbat  no  test  was  made  for  tlie  ingredient  or  (iiiality  checked. 


AnaJiist. 


r.r(/(il  xliniiliirilx:  Milk.  — Not  less  than  .Tl  per  cent  fat,  !)  per  cent  solids  not  fat.  and  not 
mori-  than  XTi  per  cent  water. 
Cream. — Not  less  than  :;()  per  cent  fat. 

Skimmed  milk. — Not  less  than  'Ji\  per  cent  solids,  ineludins  fat. 
Wholesome  milk  must  come  from  healthy  cows  living  nnder  proper  sanitary  conditions. 
It  must  have  been  properly  cared  for  at  the  time  of  mllkins  and  continually  thereafter: 
especially  mnst  It  have  been  kept  cold.  This  report  shows  the  chemical  composition  of 
the  inllk  analyzed,  but  indicates  only  in  an  imperfect  manner  its  wholesomeness,  which- 
can  be  delcnulned  only  by  considerini;  Uie  condition  of  the  cows,  dairy  farm,  and  dairy  j 
In  connection  with  this  analysis. 
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Tbere  is  as  yet  no  fixed  standard  for  acidity  in  mill:,  but  any  sample  of  mills  or  cream 
iMiiod  to  be,  in  tbe  judgment  of  tbe  health  department,  too  acid  will  be  regarded  as 
unwholesome,  and  tbe  seller  prosecuted  accordingly.  Tlie  sale  of  milk,  cream,  or  sltimmed 
riiilli  which  has  l)een  colored  or  to  which  a  preservative  of  any  sort  has  Iieen  added  is  in 
\  inlation  of  law. 

Dealers  in  foodstuffs,  including,  of  course,  millf,  etc.,  are  required  by  law  to  Isnow  at 
all  times  the  quality  of  all  goods  which  they  sell.  Prosecutions  will  therefore  be  insti- 
tuted in  suitable  cases  without  notice. 

,  M.  D., 

Health  Officer. 

To 


/.iiws  and  reyiiJiitiuiix  nliitiny  to  the  prnduction  and  sale  of  iiiiU,-  in  the  District 
of  Columbia. 

ACTS  OF   CONGRESS. 
AN  ACT  To  regulate  the  sale  of  milk  in  the  District  of  Columbia,  and  for  other  purposes. 

Be  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  Vnited  States 
of  America  in  Congress  assembled,  That  from  anil  after  tbe  passage  of  this  act 
DO  person  shall,  within  the  District  of  Columbia,  keep  or  maintain  a  tlairy  or 
dairy  farm  without  a  permit  so  to  do  from  the  health  officer  of  said  District; 
application  for  said  permit  shall  be  made  in  writing,  upon  a  form  ijrescribed  by 
said  health  officer :  Provided,  That  no  apijlicant  for  said  permit  shall  be 
restrained  from  conducting  business  until  said  api)licatlon  has  been  acted  upon 
by  the  health  officer  of  the  District  of  Columbia  or  his  duly  appointed  agent. 
It  shall  be  the  duty  of  said  health  officer,  upon  receipt  of  said  application  in 
due  form,  to  make  or  cause  to  be  made  an  examination  of  the  premises  which 
it  is  intended  to  tise  in  the  maintenance  of  said  dairy  or  dairy  farm ;  if  after 
such  examination  said  premises  are  found  to  conform  to  the  regulations  govern- 
ing dairies  and  dairy  farms  within  the  District  of  Columbia,  said  health  officer 
shall  issue  the  permit  hereinbefore  specified,  without  charge:  Provided,  That 
said  permit  may  be  suspended  or  revoked  at  any  time,  without  notice,  by  said 
health  officer  whenever  the  milk  supply  from  said  dairy  or  dairy  farm  is  exiwsed 
to  infection  by  Asiatic  cholera,  anthrax,  dii)htheria,  erysipelas,  scarlet  fever, 
smalli)OX,  splenic  fe\er,  tuberculosis,  typhoid  fe\er,  tyiihus  fever,  or  yellow  fever, 
so  as  to  render  its  distribution  dangerous  to  public  health. 

Sec.  2.  That  no  person  shall  bring  or  send  into  the  District  of  Columbia  for 
sale  any  millc  without  a  permit  so  to  do  from  the  health  officer  of  said  District; 
application  for  said  permit  shall  be  made  in  writing,  upon  a  form  prescribe*!  by 
said  health  officer,  and  shall  be  accompanied  by  such  detailed  description  of  the 
dairy  farm  or  dairy  where  said  milk  is  produced  or  stored  as  said  healtli  officer 
may  require,  and  by  a  sworn  statement  as  to  the  physical  condition  of  the  cattle 
supplying  said  milk :  Provided,  That  no  applicant  for  said  i)erinit  shall  be 
restrained  from  conducting  business  until  said  ai)plication  has  been  acted  upon 
by  the  healtli  officer  of  the  District  of  Columbia  or  his  dul.y  appointed  agent. 
If  after  examination  of  said  aiiplication  said  health  officer  is  satisfied  that  said 
milk  will  be  brought  into  the  District  of  Columbia  for  .sale  or  consnmi>tion 
without  danger  to  public  health,  he  shall  issue,  without  charge  to  the  iiiipHcant. 
a  i)erudt  so  to  do,  on  condition  thtit  none  but  pure  and  unadulterated  niillc  shall 
be,  with  knowledge  of  its  impurity,  brought  into  said  District;  that  in  tli<>  man- 
agement of  said  dairy  or  dairy  farm  said  applicant  slnill  be  governed  by  the 
regtiliitions  of  the  health  office  of  the  District  of  Colimibia,  ajiproved  by  the 
Commissioners  of  the  District  of  Columbia,  issued  for  dairies  and  dairy  farms 
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in  said  District,  when  said  reculations  do  not  conflict  with  the  law  of  tho  Sbite 
in  which  s:iid  dairy  or  dairy  farm  is  Uuatetl.  and  that  said  dairy  or  dairy  farm 
may  be  inspected  at  any  time  withont  notice  hy  the  health  ofticer  of  the  District 
of  Columbia  or  his  duly  apiwiuted  representative:  Provklcd.  That  said  permit 
may  be  suspended  or  revoked  at  any  time  without  notice  by  said  health  officer 
whenever  the  milk  supply  from  said  dairy  or  dairy  farm  is  exposed  to  iufeetion 
by  Asiatic  cholera,  anthrax,  diphtheria,  erysipelas,  scarlet  fever,  smallpox, 
splenic  fever,  tuberculosis,  typhoid  fever,  typhus  fever,  or  yellow  fever,  so  as  to 
render  its  distribution  dangerous  to  public  health. 

Skc.  o.  That  no  person  suffering  from,  or  who  has  knowingly,  within  a  period 
specified  by  the  health  officer  of  the  District  of  Columbia,  been  exposed  to  dii)h- 
therla,  scarlet  fever,  erysipelas,  smallpox,  anthrax,  or  other  dangerous  con- 
tagious disease,  shall  work  or  assist  in  or  about  any  dairy  or  dairy  farm  ;  no 
proprietor,  manager,  or  sufierintendent  of  any  dairy  or  dairy  farm  within 
the  District  of  Columbia  shall  knowingly  permit  any  person  suffering,  or  ex- 
posed as  aforesaid,  to  work  or  assist  in  or  about  said  dairy  or  dairy  farm. 

Sec.  4.  That  all  milk  wagons  shall  have  the  name  of  the  owner,  the  number 
of  permit,  and  the  location  of  dairy  from  which  said  wagons  haul  milk,  painted 
thereon  plainly  and  legibly. 

Sec.  5.  That  all  grocers,  bakers,  and  other  persons  having  or  offering  for  sale 
milk  shall  at  all  times  keep  the  name  or  names  of  the  dairymen  from  whom  the 
milk  on  sale  shall  have  been  obtained  posted  up  in  a  conspicuous  place  wherever 
such  milk  may  be  sold  or  kept  for  sale. 

Skc.  0.  That  no  person  shall  offer  or  have  for  sale  in  the  District  of  Columbia 
.luy  unwholesome,  watered,  or  adulterated  milk,  or  milk  known  as  swill  milk, 
or  milk  from  cows  that  are  fed  on  swill,  garbage,  or  other  like  substance,  nor 
any  butter  or  cheese  made  from  any  such  milk. 

Sec.  7.  (Repealed  by  act  of  February  17,  1898.  See  Wiegand  r.  D.  C  31 
Wash.  Law  Rep..  730.) 

St;c.  S.  That  no  person  shall  sell,  exchange,  or  deliver,  or  have  in  his  custody 
or  po.ssession  with  intent  to  sell,  exchange,  or  deliver,  skimmed  milk  containing 
less  than  nine  and  three-tenths  per  cent  of  milk  solids,  inclusive  of  fat. 

Sec.  0.  That  no  dealer  in  nulk.  and  no  servant  or  agent  of  such  a  dealer,  shall 
sell,  excliange.  or  deliver,  or  have  in  his  custody  or  possession  with  intent  to 
sell,  exchange,  or  deliver,  milk  from  which  the  cream,  or  any  part  thereof,  has 
been  removed,  unless  in  a  conspicuous  place,  above  the  center  or  njion  the  out- 
side of  every  vessel,  can.  or  pr.ckage  thereof,  in  which  milk  is  sold,  the  words 
"  skinnned  milk  "  are  distinctly  marked  in  gothic  letters,  not  less  than  one  inch 
in  length. 

Skc.  Id.  Tliat  it  sliall  not  be  lawful  for  any  jierson  or  persons  to  sell  or  offer 
for  sale,  within  tlie  District  of  ('oluml)ia,  milk  taken  from  any  cow  less  than 
fifteen  d.iys  before  or  ten  days  after  parturition,  or  from  any  cow  which  is 
known  to  he  suffering  from  tuberculosis,  splenic  fever,  anthrax,  or  any  general 
or  local  disease  which  is  liable  to  render  the  milk  from  said  cow  unwholesome. 

Sec.  11.  That  it  sliall  he  the  duty  of  the  health  officer  of  the  District  of  Co- 
lumbia, under  dircctidn  of  the  Connnissioners  of  said  District,  to  make  and 
enforce  regulations  to  secure  proper  water  supply,  drainage,  ventil.-ition.  air 
space,  floor  sp,i<-e.  and  cleaning  of  all  dairies  and  dairy  farms  within  said 
District  ;  to  .secure  the  isolation  of  cattle  suffering  from  any  contagious  disease, 
and  to  carry  into  effect  the  provisions  of  this  act. 

Sec.  12.  That  tlie  liealth  officer  of  the  District  of  Columbia,  or  his  duly  ap- 
Jioinled  assist.mts.  .shall  have  the  right  to  enter.  witht)Ut  previous  notice,  for 
the  purpose  of  inspection,  any  dairy  or  dairy  farm  williin  said  District. 
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Sec.  13.  (Repetilfd  liy  act  of  Febnuiry  17.  1.S9S.  Spe  Weigand  r.  D.  C,  31 
Wash.  Law  Kep.,  730.) 

Sec.  14.  That  proseeutious  under  this  act  .shall  be  in  the  police  court  of  said 
District,  on  information  signed  by  the  attorney  of  the  District  or  one  of  his 
assistants,  and  any  person  or  persons  violating  any  of  the  iirovisions  of  this 
act  shall  be  deenjed  guilty  of  a  misderueanor,  and  sliall,  on  conviction,  be  pun- 
ished for  the  first  offense  by  a  tine  of  not  loss  than  five  dollars  uor  more  than 
twenty-five  dollars,  to  be  collected  as  other  fines  and  penalties,  or  by  imprison- 
ment in  the  worlshouse  for  a  period  of  not  more  than  thirty  days,  and  for  the 
second  offense  and  each  subsequent  offense,  by  a  fine  of  not  less  than  fifty 
dollars  nor  more  than  one  hundred  dollars,  or  by  imprisonment  in  the  work- 
house for  ninety  days,  or  by  both  such  fine  and  imprisonment,  in  the  discretion 
of  the  court,  and  if  the  person  so  convicted  of  a  second  or  subsequent  offense 
hold  a  permit  under  this  act,  the  same  shall  be  canceled  and  no  permit  shall 
be  issued  to  said  person  for  a  period  of  six  months:  Provided,  That  any  person 
or  persons  under  this  act  shall  have  the  privilege,  when  demanded,  of  a  trial 
by  jury  as  in  other  jury  cases  in  the  police  court. 

Sec.  15.  That  all  laws  and  parts  of  laws  inconsistent  with  the  foregoing  be, . 
anil  the  same  are  hereby,  repealed. 

Approved,  March  2,  1S95. 


AN  ACT  RelatiuK  to  the  aduIti>ration  of  foods  and  drugs  In  the  District  of  Columliia. 
t.>0  Stats.,  240.1 

Be  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled,  That  no  person  shall,  within  the  Dis- 
trict of  Columbia,  l).v  himself  or  by  his  servant  or  agent,  or  as  the  servant  or 
agent  of  any  other  person,  sell,  exchange,  or  deliver,  or  have  in  his  custody  or 
possession  with  the  intent  to  sell  or  exchange,  or  expose  or  offer  for  sale  or 
exchange,  any  article  of  food  or  drug  which  is  adulterated  within  the  meaning 
of  this  act. 

Si:c.  2.  Tliat  the  term  "drug,"  as  used  in  this  act,  shall  include  all  medicines 
for  external  or  internal  use,  antiseptics,  disinfectants,  and  cosmetics.  The  term 
"food,"  as  used  herein,  shall  include  confectioner.v,  condiments,  and  all  articles 
tised  for  food  or  drink  by  man,  and  if  there  be  more  than  one  quality  of  any 
article  of  food  or  drug  known  by  the  same  name  the  best  quality  thereof  shall 
be  furnished  to  llie  purcliaser,  unless  he  otherwise  requests  at  the  tini(>  of  mak- 
ing such  purchase,  or  unless  he  lie  notified  at  such  time  of  tlie  inferior  quality 
of  the  article  delivered. 

Sec.  3.  That  an  article  shall  lie  deemed  to  be  adulterated  within  the  meaning 
of  this  act: 

(a)  In  the  case  of  drugs:  First,  if,  wlien  sold  under  or  by  a  name  recognized 
in  the  United  States  I'liarniacopceia,  it  differs  from  the  standard  of  strength, 
quality,  or  purity  laid  down  in  the  edition  thereof  .-it  tlie  time  otlicial ;  second, 
if,  when  sold  under  or  by  a  name  not  recognized  in  the  United  States  I'harma- 
copujia,  but  which  is  found  in  the  (ierman,  French,  or  English  I'harmacopoeia, 
it  differs  fi-om  tin;  strength,  quality,  or  purity  laid  down  therein  ;  third,  if,  when 
sold  as  a  patented  medicine,  compinuided  drug,  or  ndxture  it  is  not  cimiposed  of 
all  the  ingredients  advertised  or  i)rinted  or  written  on  the  bottles,  wrappers,  or 
labels  of  or  on  or  with  the  patented  mediciiu'.  comiionnded  drug,  or  mixture: 
Provided,  Tliat  if  the  defendant  in  any  prosecution  utidci'  (Ills  act.  in  respect  to 
the  sale  of  any  such  iiatenled  medicine,  compounded  drug,  or  mixture,  sliall 
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prove  to  the  satisfaction  of  the  court  that  he  had  iiurchasecl  the  article  in  ques- 
tion as  the  same  in  nature,  substance,  and  quality  as  that  demanded  of  him  liy 
(he  iiurchaser,  and  with  a  written  warranty  to  that  eft'ect :  tliat  lie  had  no  rea- 
son to  believe  at  the  time  when  lie  sold  it  tliat  tlie  article  was  otherwise,  and 
that  he  sold  it  in  the  same  slate  as  when  he  imrchased  it,  he  shall  be  discharged 
from  the  prosecution. 

(b)  In  the  case  of  food:  First,  if  any  substance  or  substances  have  been 
mixed  with  it  so  as  to  reduce  or  lower  or  injuriously  affect  its  quality  or 
strength:  second,  if  an  inferior  or  cheaper  substance  or  substances  have  bciii 
substituted  wholly  or  in  part  for  it :  third,  if  any  valuable  constitntent  has  been 
wholly  or  in  part  abstracted  from  it:  fourth,  if  it  is  an  imitation  of  or  is  sold 
under  the  name  of  another  article;  fifth,  if  it  consist  wholly  or  in  part  of  a  de- 
ceased, decomposed,  putrid,  or  rotten  animal  or  veget.ible  substance,  whether 
manufactured  or  not;  sixth,  if  it  is  colored,  coated,  polished,  or  powdered 
whereby  damage  is  concealed,  or  if  it  is  made  to  appear  better  or  of  gi-eatcr 
value  than  it  really  is;  seventh,  if  it  contains  any  added  poisonous  ingredient 
or  any  ingredient  which  may  render  it  injurious  to  the  health  of  a  person 
consuming  it :  eighth,  in  the  case  of  mill^,  if  it  contains  less  than  three  and  one- 
half  per  centum  of  fat,  less  than  nine  per  centum  of  solids  not  fat,  and  contains 
more  than  eighty-seven  and  one-half  per  centum  of  water;  in  the  case  of  cream, 
if  it  contains  less  than  twenty  per  centum  of  butter  fat;  ninth,  In  the  case  of 
butter  or  cheese,  if  it  is  not  made  exclusively  from  milk  or  cream,  or  both,  with 
or  without  common  salt;  the  butter,  if  it  contains  more  than  twelve  per  centum 
of  water,  more  than  five  per  centum  of  salt,  and  less  than  eighty-three  per 
centum  of  fat ;  tenth,  in  the  ease  of  coffee.  If  it  is  not  composed  entirely  of  the 
seed  of  the  Caffea  arabica  ;  eleventh,  in  the  case  of  lard,  if  it  is  not  made  exclu- 
sively from  the  rendered  fat  of  the  healthy  hog;  twelfth,  in  the  case  of  tea. 
if  it  is  not  composed  entirely  of  the  genuine  leaf  of  the  tea  plant  not  exhausted : 
thirteenth,  in  the  case  of  all  kinds  of  vinegar,  if  it  contains  an  acidity  equiva- 
lent to  the  presence  of  less  than  four  per  centum  of  absolute  acetic  acid ;  and 
cider  vinegar,  if  it  is  not  made  from  the  pure  apple  juice  and  contains  less  than 
one  and  five-tenths  per  centum  of  total  solids ;  fourteenth,  in  the  case  of  cider, 
if  it  is  not  made  from  the  legitimate  product  of  pure  apple  juice;  in  the  case 
of  wines  a.nd  fruit  juices,  if  not  made  from  the  pure  fruit  as  represented ;  and 
in  the  ease  of  cider,  wines,  fruit,  juices,  and  malt  liquors,  if  not  free  from  sali- 
cylic acid  or  other  preservatives;  and  in  the  case  of  malt  liquors,  if  not  free 
from  picric  acid,  cocculus  indicus,  colchicine,  colocynth,  aloes,  and  wormwood: 
fifteenth,  in  the  case  of  glucose,  if  it  contains  more  than  five  one-hundretlths 
per  centum  of  iisli :  sixteenth,  in  the  case  of  flour,  if  it  is  not  composed  entirely 
of  one  single  ground  cereal :  seventeenth,  in  the  case  of  bread,  if  there  is  any 
addition  of  alum,  sulphate  of  copiier.  borax,  or  sulphate  of  zinc,  or  other  poi- 
sonous or  harmful  Ingredient,  and  if  it  contains  more  than  thirty-one  per  centum 
of  moisture,  more  than  two  per  ceut\nn  of  ash,  and  less  than  six  and  twenty-live 
one-Imndredths  per  centum  of  albuminoids;  eighteenth,  in  the  case  of  olive  oil, 
if  It  is  not  made  exclusively  from  the  olive  berry  (Olea  enropiea),  and  its  spe- 
cific gravity  at  fifteen  and  six-tenths  degrees  centigrade;  (sixty  degrees  Fahreii 
belt)  "actual  density"  to  be  not  more  than  nine  hundred  and  seventeen  one 
thousandths  nor  less  than  nine  hundred  and  fourteen  one-thousandths:  I'ro- 
ritlril.  That  an  offense  shall  not  be  deemed  to  be  comnntted  under  this  section 
In  tlie  following  cases,  that  is  to  say,  first,  where  (he  order  calls  for  an  article 
of  fo(Ml  or  drug  inferior  to  such  slainlard,  or  where  such  difference  is  made 
known  b.v  being  plainly  written  or  iirlnled  on  the  package;  second,  where  the 
article  of  food  or  drug  Is  mixed  with  any  ni.iHiu-  or  ingredient  not  injurious  lo 
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health  nnd  not  intended  fraudulently  to  increase  its  bulk,  weight,  or  measure 
or  conceal  its  inferior  quality,  if  at  the  time  such  article  is  delivered  to  the  inir- 
chaser  it  is  made  known  to  him  that  such  article  of  food  or  drug  is  so  mixed. 

Sec.  4.  That  it  shall  be  the  duty  of  the  health  otticer  of  the  District  of  Colum- 
bl.i,  under  the  direction  of  the  Commissioners  of  said  District,  to  adopt  such 
measures  as  may  be  necessary  to  facilitate  the  enforcement  hereof,  and  prepare 
rules  and  regulations  with  regard  to  the  proper  method  of  collecting  and  exam- 
ining drugs  and  articles  of  food  in  said  District. 

Sec.  5.  That  it  shall  be  the  duty  of  the  health  officer  to  investigate  a  com- 
plaint for  a  violation  of  any  of  the  provisions  of  this  act  on  the  information  of 
any  person  who  lays  before  him  Siitisfactory  evidence  by  which  to  substantiate 
such  complaint. 

Sec.  6.  That  every  person  offering  for  sale  or  delivering  to  any  purchaser  any 
drug  or  article  of  food  included  in  the  provisions  of  this  act  shall  furnish  to  any 
analyst  or  other  officer  or  agent  of  the  health  department,  who  shall  apply  to 
him  for  the  purpose  and  shall  tender  liini  the  value  of  the  same,  a  sample  suf- 
ficient for  the  purpose  of  analysis  of  any  such  drug  or  article  of  food  which  is 
in  his  possession. 

Sec.  7.  That  in  all  cases  where  any  drug  or  article  of  food  shall  be  taken  as  a 
sample  to  be  examined  and  analyzed  the  person  making  the  analysis  shall  re- 
serve a  portion  of  the  sample,  which  shall  be  sealed,  for  a  period  of  thirty  days 
from  the  time  of  taking  such  sanijjle,  and  in  case  of  a  complaint  the  reserved 
portion  alleged  to  be  adulterated  shall,  upon  application,  be  delivered  to  the 
defendant  or  his  attorney. 

Sec.  8.  That  no  person  shall  hinder,  obstruct,  or  in  any  way  interfere  with 
any  inspector,  analyst,  or  other  person  of  the  health  department  In  the  p(>rforni- 
ance  of  his  duty  in  carrying  out  the  provisions  of  this  act. 

Sec.  9.  That  all  prosecutions  under  this  act  shall  be  in  the  police  fourt  of  said 
District,  on  information  brought  In  the  name  of  the  District  of  Colnuibla,  and 
on  its  behalf;  and  any  person  or  persons  violating  any  of  the  provisions  of  this 
act  shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction  shall  lie  i)un- 
Islied  by  a  fine  of  not  less  than  five  dollars  nor  more  than  one  hundred  dollars. 

Sec.  10.  That  all  acts  and  parts  of  acts  inconsistent  with  this  act  be.  and  the 
same  are  hereby,  repealed:  Provided,  That  nothing  in  this  act  contained  shall 
be  construed  as  modifying  or  repealing  any  of  the  provisions  of  "An  act  deliuing 
butter,  also  imposing  a  tax  upon  and  rcgulaling  the  niauufacf nre,  sale,  Inijiorta- 
tion.  and  exi)orlatlon  of  oleomargarine,"  approv(>d  August  second,  eighteen  hun- 
dred and  eighly-si.x,  or  of  "An  act  defining  cheese,  and  also  imposing  a  tax  njion 
anil  regulating  the  mjiiinfacture,  sale,  importation,  and  exportation  of  'filled 
cheese,'  "  aj)liroved  June  sixth,  elglilccn   hundred  and  ninety-six. 

Approved,  February  17,  ISilS. 


.\N  .\CT  To  pri'vciil  llic-  niliillcralimi  of  (•.•iiidy  in  tlic  Dlatriol  (if  Columbift. 
|:S0  Stat.,  :i98.1 

fir  it  onactr.d  by  the  fimnir  and  fTounr  of  Urprenentativcs  of  thr  Vnitrd  Stairn 
of  Amcricit  in  Voni/rcus  anscmblcd.  That  no  person  or  corporation  shall,  by 
himself,  his  .'iervani,  or  agent,  or  as  the  servant  or  agent  of  any  other  per.son 
or  corporalion,  nianu!'a(l  arc  for  sale  or  knowingly  .sell  or  olTer  to  sell  any 
caiiily  adulterated  by  llie  admixture  of  terra  alba,  barytes,  (ale.  or  any  other 
Miirieral  subslance.  by  pois<inoMS  colors  (U'  llavors,  or  olhir  ingredienis  delete- 
rious or  detrimtiutul  to  health. 
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Sec.  2.  That  any  person  or  coriioration  convicted  of  violating  any  of  the 
provisions  of  this  act  shall  he  pnnished  by  a  fine  not  exceeding  one  lunulred 
dollars.  The  candy  so  adultcratiMl  shall  be  ('(.rfcitcd  and  (Icstruyed  under  the 
direction  of  the  court. 

Skc.  3.  That  it  is  hereby  made  the  duly  of  the  proseeutin;;  attorneys  of  the 
District  of  Columbia  to  appear  for  the  people  cind  to  attend  to  the  prosecution 
of  all  complaints  under  this  act  in  all  the  courts  of  said  District. 

Sec.  4.  That  this  act  shall  take  effect  upon  its  i)assage. 

Approved,  May  5,  1898. 


AN  ACT  For  prpvonting  the  manufactiiro,  sale,  or  transportation  of  adult  prated  or  mis- 
branded  or  poisonous  or  deleterious  foods,  druj^s,  medieines,  and  liquors,  and  for  re;;u- 
lating  traffic  tlierein,  and  for  other  purposes. 

Be  it  enacted  hy  the  Senate  and  House  of  Represcnitatires  of  the  United 
States  of  America  in  Congress  asseml)le(l,  That  it  shall  be  unlawful  for  any 
person  tt)  manufacture  within  any  Territory  or  the  District  of  Columbia  any 
article  of  food  or  drug  which  is  adulterated  or  misbranded,  within  the  meaning 
of  this  act ;  and  any  person  who  shall  violate  any  of  the  provisions  of  this 
section  shall  be  guilty  of  a  misdemeanor,  and  for  each  offense  shall,  upon  con- 
viction thereof,  be  fined  not  to  exceed  five  hundred  dollars  or  shall  be  sentenced 
to  one  year's  iniiirisonment,  or  both  such  fine  and  imprisonment,  in  the  discre- 
tion of  the  court,  and  for  each  subseciuent  offense  and  conviction  thereof  shall 
be  fined  not  less  than  one  thousand  dollars  or  sentenced  to  one  year's  impris- 
onment, or  both  such  fine  and  imprisonment,  in  the  discretion  of  the  court. 

Sec.  2.  That  the  introduction  into  any  State  or  Territory  or  the  District  of 
Columbia  from  any  other  State  or  Territory  or  the  District  of  Columbia,  or 
from  any  foreign  country,  or  shipment  to  any  foreign  country  of  any  article  of 
food  or  drugs  which  is  adulterated  or  misbranded,  within  the  meaning  of  this 
act,  is  hereby  prohibited  ;  and  any  iierson  who  shall  ship  or  deliver  for  shipment 
from  any  State  or  Territory  or  the  District  of  Columbia  to  any  other  State 
or  Territoiy  or  the  District  of  Columbia,  or  to  a  foreign  country,  or  who 
shall  receive  in  any  State  or  Territory  or  the  District  of  Columbia  from  any 
other  State  or  Territory  or  the  District  of  Columbia,  or  foreign  country,  and 
having  so  received,  shall  deliver,  in  original  unbroken  packages,  for  pay  or 
cillierwise.  or  ofler  to  deliver  to  any  other  person,  any  such  article  so  adulterated 
iir  niisbi'anded  within  the  meaning  of  this  act,  or  any  person  who  shall  sell  or 
(jffer  for  s:ile  in  the  Itistrict  of  Columbia  or  the  Territories  of  the  United  States 
any  such  adulterated  or  nusbranded  foods  or  drugs,  or  export  or  offer  to  export 
the  same  to  any  foreign  country,  shall  be  guilty  of  a  misdemeanor,  and  for  sucli 
offense  be  lined  not  exceeding  two  hundred  dollars  for  the  first  ofl'ense,  and 
upon  conviction  for  each  snl)se(pient  offense  not  exceeding  three  hundred  dollars 
or  be  imprisoned  not  exceeding  one  year,  or  both,  in  the  discretion  of  the  court: 
Provided.  That  no  article  sliall  be  dcvmed  misbranded  or  adulterated  within  the 
lU'ovisions  of  this  act  when  intended  for  export  to  any  foreign  country  and  pre- 
pared or  iiackcd  aiccjrding  to  the  specifications  or  directions  of  the  foreign  pur- 
chaser when  no  suhslance  is  used  in  the  preparation  or  packing  thereof  in  con- 
flict with  the  laws  of  the  foreign  country  to  which  said  article  is  intended  to  be 
shipped;  but  if  said  article  shall  be  in  fact  sold  or  offered  for  sale  for  domestic 
use  or  consumption,  then  this  proviso  shall  not  exempt  said  article  from  the 
opiu'ation  of  any  of  the  other  provisions  of  this  act. 

Sko.  :{.  That  llie  Secretary  of  the  Treasury,  the  Secretary  of  Agriculture,  .-ind 
the  Secretary  of  Connnei'ce  and  Labor  sliall  make  unifonn  rules  and  regulations 
for  carrying  out  th(!  provisions  of  this  act,  including  the  collection  and  exiimina- 
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tion  of  specimens  of  foods  and  drugs  inanufactured  or  offered  for  sale  in  the 
District  of  Colunil)ia,  or  in  any  Territory  of  tlie  United  States,  or  wliich  shall 
be  offered  for  sale  in  unbroken  packages  in  any  State  other  than  that  in  which 
they  shall  have  been  resi)ectively  manufactured  or  produced,  or  which  shall  be 
received  from  any  foreign  country,  or  intended  for  shipment  to  any  foreign 
country,  or  which  may  be  submitted  for  examination  by  the  chief  health,  food, 
or  drug  officer  of  any  State,  Territory,  or  the  District  of  Columbia,  or  at  any 
domestic  or  foreign  port  through  which  such  produce  is  offered  for  interstate 
commerce,  or  for  export  or  import  between  the  United  States  and  any  foreign 
port  or  country. 

Sec.  4.  That  the  examinations  of  specimens  of  foods  and  drugs  shall  be  made 
in  the  Bureau  of  Chemistry  of  the  Department  of  Agriculture,  or  under  the 
direction  and  supervision  of  such  bureau,  for  the*  purpose  of  determining  from 
such  examinations  whether  such  articles  are  adulterated  or  misbrauded  within 
the  meaning  of  this  act;  and  if  it  shall  appear  from  any  such  examination  that 
any  of  such  specimens  is  adulterated  or  misbranded  within  the  meaning  of  this 
act,  the  Secretary  of  Agriculture  shall  cause  notice  therof  to  be  given  to  the 
party  from  whom  such  sample  was  obtained.  Any  party  so  notified  shall  be 
given  an  opportunity  to  be  heard,  under  such  rules  and  regulations  as  may  be 
prescribed  as  aforesaid,  and  if  it  appears  that  any  of  the  provisions  of  this  act 
ha\e  been  violated  by  such  party,  then  the  Secretary  of  Agriculture  shall  at 
once  certify  the  facts  to  the  proper  United  States  district  attorney,  with  a  copy 
of  the  results  of  the  analysis  or  the  examination  of  such  article  duly  authenti- 
cated by  the  analyst  or  officer  making  such  examination,  under  the  oath  of  such 
officer.  After  judgment  of  the  court,  notice  shall  be  given  by  publication  in 
such  manner  as  may  be  prescribed  by  the  rules  and  regulations  aforesaid. 

Sec.  5.  That  it  shall  be  the  duty  of  each  district  attorney  to  whom  the  Secre- 
tary of  Agriculture  shall  report  any  violation  of  this  act,  or  to  whom  any  health 
or  food  or  drug  officer  or  agent  of  any  State,  Territory,  or  the  District  of 
Columbia  shall  present  satisfactory  evidence  of  any  such  violation,  to  cause 
api)ropriate  proceedings  to  be  commenced  and  prosecuted  in  the  proper  courts 
of  the  United  States,  without  delay,  for  the  enforcement  of  the  penalties  as  in 
such  case  herein  provided. 

Sec  6.  That  the  term  "drug"  as  u.sed  in  this  act  shall  include  all  medicines 
and  preparations  recognized  in  the  United  States  Pharmacopoeia  or  National 
Formulary  for  internal  or  external  use,  and  any  substance  or  mi.xture  of  sub- 
stances intended  to  be  used  for  the  cure,  mitigation,  or  prevention  of  disease 
of  either  man  or  other  animals.  The  term  "  food,"  as  used  herein,  shall 
include  all  articles  used  for  food,  drink,  confectionery,  or  condiment  by  man 
or  other  animals,  whether  simple,  mixed,  nr  compound. 

Sec.  7.  That  for  the  jiuriioses  of  this  act  an  article  shall  be  deemed  lo  be 
adulterated : 

In  case  of  drugs: 

First.  If,  when  a  diiig  is  sold  under  or  by  a  name  recognized  in  tlie  T'nited 
States  Pharmacopfpia  or  National  Formulary,  it  differs  from  the  standard  of 
strength,  quality,  or  purity,  as  determined  by  the  test  laid  down  in  the  United 
States  Pharniacop<eia  or  National  Formulary  official  at  the  time  of  investiga- 
tion; I'roriilcd,  That  no  drug  deliued  in  the  United  States  Pliarmacopada  or 
National  Formulary  shall  be  deemed  to  be  adulterated  under  this  provision  if 
the  standard  of  slrengtli,  (piality,  or  purity  be  plainly  .stated  upon  the  bottle, 
box,  or  other  container  thereof,  although  the  standard  may  differ  from  that 
determined  by  the  test  laid  down  in  the  United  States  I'harniacopa'ia  or  Na- 
tional Formulary. 
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Second.  If  its  strength  or  purity  fall  below  the  professed  standard  or  quality 
under  which  it  is  sold. 

In  the  case  of  confectionery: 

If  it  contains  terra  alba,  barytes,  talc,  chrome  yellow,  oi-  Dtlicr  iiiiiicral  sub- 
stance or  poisonous  color  or  Havor,  or  other  iufirtHliiMit  dclelerious  or  detri- 
mental to  health,  or  any  vinous,  malt,  or  spirituous  liquor  or  compound  or 
narcotic  drug. 

In  the  case  of  food : 

First.  If  any  substance  has  been  nii.xed  and  packed  with  it  sn  as  to  reduce 
or  lower  or  Injuriously  affect  its  quality  or  strength. 

Second.  If  any  substance  has  been  substituted  wholly  or  in  p.irt  for  the 
article. 

Third.  If  any  valuable  constituent  of  the  article  has  been  wholly  or  in  part 
abstractetl. 

Fourth.  If  it  be  mixed,  colored,  powdered,  coated,  or  stained  in  a  manner 
whereby  damage  or  inferiority  is  concealed. 

Fifth.  If  it  contain  any  added  poisonous  or  other  added  deleterious  ingredient 
which  may  render  such  article  injurious  to  health:  Provided,  Th:it  when  in 
the  preparation  of  food  products  for  shipment  they  are  preserved  by  any  ex- 
ternal application  applied  in  such  manner  that  the  preservative  is  necessarily 
removed  mechanically,  or  by  maceration  in  water,  or  otherwise,  and  directions 
for  the  removal  of  said  preservative  shall  be  printed  on  the  covering  or  the 
package,  the  provisions  of  this  act  shall  be  construed  as  applying  only  when 
said  products  iire  ready  for  consumption. 

Sixth.  If  it  consists  in  whole  or  in  part  of  a  filthy,  decomposed,  or  putrid 
animal  or  vegetable  substance,  or  any  portion  of  an  animal  unfit  for  food, 
whether  manufactured  or  not,  or  if  it  is  the  jiroduct  of  a  diseased  animal,  or 
one  that  has  died  otherwise  than  by  slaughter. 

Sec.  8.  That  the  term  "  misbranded  "  as  used  herein  shall  apply  to  all  drugs, 
or  articles  of  food,  or  articles  which  enter  into  the  composition  of  food,  the 
package  or  label  of  which  shall  bear  any  statement,  design,  or  device  regarding 
such  article,  or  the  ingredients  or  substances  contained  therein  which  shall  be 
false  or  misleading  in  any  ])articular,  and  to  any  food  or  drug  product  which 
is  falsely  branded  as  to  the  State.  Territory,  or  country  in  which  it  is  manu- 
factured or  produced. 

That  for  the  jiurposes  of  this  act  an  article  shall  .-ilso  be  deemed  to  be  mis- 
branded  : 

In  case  of  drugs  ; 

First.  If  it  be  an  injilalion  ol'  or  offered  for  sale  luider  the  name  of  another 
article. 

Second.  If  the  contents  of  the  package  as  originally  put  up  shall  have  been 
removed,  in  whole  or  in  i)art,  and  other  c(mtents  shall  have  been  jilaced  in  such 
pjickage,  or  if  the  [lackage  fail  to  bear  a  statement  on  the  label  of  the  quantity 
or  iiroportion  of  any  alcohol,  moriihine,  opium,  cocaine,  heroin,  alpha  or  lu'ta 
eucaine,  chloroform,  cannabis  indica.  chloral  hydrate,  or  .-icetanilide.  or  any 
derivative  or  preparation  of  any  sik'Ii  suhslaiues  conl.-iined  llierein. 

In  the  case  of  f 1 : 

First.  If  it  be  an  iinilalioM  of  or  offered  I'or  sale  under  the  illsllnctive  name  of 
another  article. 

Second.  If  il  be  labeled  or  branded  so  as  lo  deceive  or  mislead  the  purchaser, 
(U-  purport  (o  be  a  foreign  produi-l  when  not  so.  or  if  tin-  cout(>nts  of  the  package 
as  originally  [int  uji  shall  have  been  removed  in  wliole  or  in  part  and  otiier 
contents  shall  have  been  i)laced  in  such  package,  or  if  it  fail  to  bear  a  statemeiil 
on  the  label  of  the  quantity  or  proportion  of  uuy  morphine,  opium,  cocaine, 


815 

hi  roin,  alpha  or  beta  eiicaine,  clilorofnrm,  cannabis  indica,  chloral  hydrate,  or 
:n  il.iiiilide,  or  any  derivative  or  iirepa  ration  of  any  of  such  substances  contained 
ihiTcin. 

Tliird.  If  in  pacl<age  form,  and  the  contents  are  stated  in  terms  of  weight  or 
iiHUsure,  they  are  not  plainly  and  correctly  stated  on  the  ontside  of  the  package. 

I  I  Mirth.  If  the  i)aekage  containing  it  or  its  label  shall  bear  any  statement, 
ilisiu'u.  or  device  regarding  the  ingredients  or  the  substances  contained  therein, 
\>.  hich  statement,  design,  or  device  shall  be  false  or  misleading  in  any  par- 
tii  ular:  Provided,  That  an  article  of  food  which  does  not  contain  any  added 
loisiiiious  or  deleterious  ingredients  shall  not  be  deemed  to  be  adulterated  or 
iiiisliranded  in  the  following  cases; 

rirst.  In  the  ease  of  mixtures  or  conijiounds  which  may  be  now  or  from  time 
III  lime  hereafter  known  as  articles  of  food,  under  their  own  distinctive  names, 
.iiiii  not  an  imitation  of  or  offered  for  sale  under  the, distinctive  name  of  another 
Miiicle,  if  the  name  be  accompanied  ou  the  same  label  or  brand  with  a  statement 
"I  the  place  where  said  article  has  been  manufactured  or  produced. 

Second.  In  the  case  of  articles  labeled,  branded,  or  tagged  so  as  to  plainly 
inilic.ite  that  they  are  compounds,  imitations,  or  blends,  and  the  word  "  com- 
li'Miiid,"  "imitation,"  or  "blend,"'  as  the  case  may  be,  is  plainly  stated  ou  the 
Ii.irkage  in  which  it  is  offeretl  f<n'  s.ile:  Pmridid.  That  the  term  blend  as  used 
I'cii'in  shall  be  construed  to  mean  a  mixture  of  like  substances,  not  excluding 
liii  iiiless  coloring  or  flavoring  ingredients  used  for  the  purpose  of  coloring  and 
ll.ivoring  only:  And  provided  further.  That  nothing  in  this  act  shall  be  con- 
si  incd  as  re<iuiring  or  compelling  proprietors  or  manufacturers  of  proprietary 
I  "ills  which  contain  no  unwholesome  added  ingredient  to  disclose  their  trade 
liiiniulas,  except  in  so  far  as  the  provisions  of  this  act  may  require  to  secure 
ii'  iilom  from  adulteration  or  misbranding. 

Si  I.  9.  That  no  dealer  shall  be  prosecuted  under  the  provisions  of  this  act 
«hi'ii  he  can  establish  a  guaranty  signed  by  the  wholesaler,  jobber,  manu- 
l'::i  liii'er,  or  other  party  residing  in  the  ITnited  States,  from  whom  he  [mr- 
I  hiiscs  such  articles,  to  the  effect  that  the  same  is  not  adulterated  or  niis- 
ii  Milled  within  the  meaning  of  this  act,  designating  it.  Said  guaranty,  to 
iH'iil  protection,  shall  contain  the  name  and  address  of  the  party  or  parties 
iii:iKing  the  sale  of  such  articles  to  such  dealer,  and  in  such  case  said  party  or 
I  111  lies  shall  be  amenable  to  the  iirosecutioiis,  fines,  and  other  penalties  which 
u  I  ill  1(1  attach,  in  due  course,  to  the  dealer  under  the  provisi(nis  of  this  act. 

Sic.  10.  That  any  article  of  food,  drug,  or  liquor  that  is  adulterated  or  mis- 
liiiiiiiled  within  the  meaning  of  this  act,  and  is  being  transported  from  one 
Slilc,  Teri'itory,  District,  or  insular  possession  to  another  for  sale,  or,  having 
III  III  transported,  remains  unloaded,  unsold,  or  in  original  unbroken  packages, 
(II  il  it  be  sold  or  ottered  for  sale  in  the  District  of  Columbia  or  the  Territories, 
ni  insular  i)o.sscssions  of  the  Tnited  States,  or  if  it  be  imported  from  a  foreign 
iiiiiiilry  for  sale,  nr  if  it  is  intended  for  export  to  a  foreign  countr.v,  shall  be 
li:ilil(>  to  be  pi'dceeded  ag:iinst  in  any  district  court  of  the  United  States  within 
till  district  where  the  same  is  found,  and  seized  for  confiscation  by  a  process 
III  liliel  for  condemnation.  And  if  such  iirtiele  is  cou(i(Mnned  as  l)eing  adul- 
li  filed  or  nusbranded,  or  of  a  poisonous  or  deleterious  character,  within  the 
III!  iiiing  of  this  act,  the  same  shall  be  disposed  of  by  destruction  or  sale,  as 
llie  said  court  may  direct,  and  the  pi'oceeds  th(>reof,  if  sold,  less  the  legal  costs 
and  chiirges,  shall  he  p,ii(l  irdo  tlie  Treasin'y  of  the  United  States,  but  such 
goods  sli.ill  not  he  seid  in  an.y  jurisdiction  contrar.v  to  the  provisions  of  this 
net  <ir  the  laws  ol'  ih.-it  jurisdiction:  Vroi-iiUd.  Iiinrcnr,  That  upon  the  pay- 
uiunt  of  the  costs  of  such  libel  proceedings  and  the  exeiution  and  delivery  of  a 
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good  and  siiflicieut  bond  to  the  effect  that  such  articles  shall  not  be  sold  or 
otherwise  disposed  of  contrary  to  the  provisions  of  this  act,  or  the  laws  of  any 
State,  Territory,  District,  or  insular  possession,  the  court  may  by  order  direct 
that  such  articles  be  delivered  to  the  owner  thereof.  The  proceedings  of  such 
libel  eases  shall  conform,  as  near  as  may  be,  to  the  proceedings  in  admiralty, 
except  that  either  party  may  demand  trial  liy  jury  of  any  issue  of  fact  joinedi 
in  any  such  case,  and  all  such  iiroccedings  shall  be  at  the  suit  of  and  in  the 
name  of  the  United  States. 

Sec.  11.  The  Secretary  of  the  Treasury  shall  deliver  to  the  Secretary  of  Agri- 
culture, upon  his  request  from  time  to  time,  samples  of  foods  and  drugs  which 
are  being  imported  into  the  United  States  or  offered  for  import,  giving  notice 
thereof  to  the  owner  or  consignee,  who  may  appear  before  the  Secretary  of 
Agriculture,  and  have  the  right  to  introduce  testimony,  and  if  it  appear  from 
the  examination  of  such  samples  that  any  article  of  food  or  drug  offered  to  be 
imported  into  the  United  States  is  adulterated  or  misbranded  within  the  mean- 
ing of  this  act,  or  is  otherwise  dangerous  to  the  health  of  the  people  of  the 
United  States,  or  is  of  a  kind  forbidden  entry  into,  or  forbidden  to  be  sold  or 
restricted  in  sale  in  the  country  in  which  it  is  made  or  from  which  it  is 
exi)()rted,  or  is  otherwise  falsely  labeled  in  any  respect,  the  said  article  shall  be 
refused  admission,  and  the  Secretary  of  the  Treasury  shall  refuse  delivery  to 
the  consignee  and  shall  cause  the  destruction  of  any  goods  refused  delivery 
which  shall  not  be  exported  by  the  consignee  within  three  months  from  the 
date  of  notice  of  such  refusal,  under  such  regulations  as  the  Secretary  of  theV 
Treasury  may  iirescribe :  Provided,  That  the  Secretary  of  the  Treasury  may 
deliver  to  the  consignee  such  goods  pending  exanunation  and  decision  in  the 
matter  on  execution  of  a  penal  bond  for  the  amount  of  the  full  invoice  value  of 
such  goods,  together  with  the  duty  thereon,  and  on  refusal  to  return  such 
goods  for  any  cause  to  the  custody  of  the  Secretary  of  the  Treasury,  when 
demanded,  for  the  purpose  of  excluding  them  from  the  country,  or  for  JUiy 
other  pur|)ose,  said  consignee  shall  forfeit  the  full  amount  of  the  bond:  Ami 
provided  further.  That  all  charges  for  storage,  cartage,  and  labor  on  goods 
which  are  refused  admission  or  delivery  shall  be  paid  by  the  owner  or  con- 
signee, and  in  default  of  such  payment  shall  constitute  a  lieu  against  any 
future  importation  made  by  such  owner  or  consignee. 

Six;.  12.  That  the  term  "Territory"  as  used  in  this  act  shall  include  the 
insular  possessions  of  the  United  States.  The  word  "person"  as  used  in  this 
act  shall  be  construed  to  import  both  the  plural  and  the  singular,  as  the  case 
demands,  and  shall  include  corporations,  companies,  societies,  and  associations. 
When  consd'uiiig  and  enforcing  the  pi-ovisions  of  this  act,  the  act,  omission, 
or  failure  of  any  olHcer,  agent,  or  other  person  acting  for  or  employed  by  any 
corporation,  conii)Mny,  society,  or  association,  within  the  scoiie  of  his  employ- 
ment oi'  ollice.  shall  in  every  case  be  also  deemed  to  Ix"  the  act,  omission,  or 
failure  of  such  corjioration,  comjiany.  society,  or  assoi'lalioii  :is  well  .-is  th;it  of 
the  person. 

Skc.  ]:1  That  this  act  shall  he  in  force  and  criVcl  Ironi  and  after  the  lirst 
day  of  .lanuary,  nineteen  huiulred  .mil  sexen. 

Approved,  June  30,  1!X)U. 
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A\   ACT  To  iiDK-iid  section  eight  lumdrctl  and  seventy-eiglit  of  the  Code  of  Law   for  the 
District    of    Columhia. 

i:r  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United  Sfatcx 
■,/  America  in  Congress  assembled,  That  section  eight  himdred  aud  seventy 
i  iulit  of  the  Code  of  Law  for  the  District  of  Columbia  be,  and  the  same  is 
licicliy,  amended  by  adding  thereto  the  following: 

"  Si:o.  S7Sa.  That  the  following  words  shall,  in  addition   to   their  ordinary 

II  Miing,  have  the  meaning  herein  given:  The  word  "person"  or  'persons,'  in 
-  ■    ions  eight  himdred  and  seventy-eight  b,  e.  d,  e,  aud  g,  inclusive,  shall  include 

linns'   or   "corporations;"   the   word   "vessel'   or   "vessels"    in   sections   eight 

liinidred  and  seventy-eight  b.  c,  d,  and  e.  shall  include  "  cans,'  "  bottles,'  '  siphons," 

1 11(1  "Ijoxes;"  the  word  "mark'  or  'marks'  shall  include  "labels,"  'trade-marks,' 

iiiil  all  other  methods  of  distinguishing  ownership  in  vessels,  whether  printed 

!ii  I'll  labels  or  blown  into  bottles  or  engraved  and  impressed  upon  cans  or  boxes. 

■  Si;c.  878b.  That  persons  engaged  in  producing,  manufacturing,  bottling,  or 

-ciiiiig  milk  or  cream,  or  any  other  lawful  beverage  composed  principally  of 

iiill<.  in  vessels,  with  their  name,  trade-mark,  or  other  distinctive  mark,  and 

I  111    word  'registered'  branded,  engraved,  blown,  or  otherwise  produced  thereon, 

1   oil  which  a  pasted  trade-mark  label  is  put  upon  which  the  word  'registered' 

is  alsd  distinctly  printed,  may  tile  with  the  clerk  of  the  supreme  court  of  the 

Iii-irict  of  Columbia  a  description  by   facsimile,  or  a   sample  of  an  original 

I  .'  iage   so   marked   or  branded   or   blown,   showing  plainly   such   names  aud 

I      I  lis  thereon,  together  with  their  name  in  full,  or  their  corporate  name,  and 

I  heir  place  of  business  in  the  District  of  Columbia,  and  if  so  filed  shall 

the  same  to  be  published  for  not  less  than  two  weeks  successively  in  a 

liiiiy  or  weekly  newspaper  published  in  the  District  of  Columbia. 

■  Sicc.  87Sc.  That  whoever,  exeeiit  the  person  who  shall  have  filed  and  pub- 
lisliid  a  description  of  the  same  as  aforesaid,  fills  with  milk  or  cream,  or  other 
ii'  '  lage.  as  aforesaid,  with  intent  to  sell  the  same,  any  vessel  so  marked  and 
i'.i  1  iiiguished  as  aforesaid,  the  description  of  which  shall  have  been  filed  and 
luiilished  as  provided  in  the  preceding  section,  or  defaces,  erases,  covers  up.  or 

III  liiiwise  removes  or  conceals  any  such  name  or  mark  as  aforesaid,  or  the  word 
■  i'L.'islered,'  thereon,  or  sells,  buys,  gives,  takes  or  otherwise  disposes  of,  or 
Inillirs  in  the  same  without  having  purchased  the  contents  thereof  from  the  per- 
son wliose  name  is  in  or  upon  such  vessel,  or  without  the  written  consent  of 
such  [)erson,  shall,  for  the  first  offense,  be  punished  by  a  fine  of  not  less  than 
fifty  cents  for  each  such  vessel,  or  by  imprisonment  for  not  less  than  ten  days 
nor  more  than  one  year,  or  both  such  tine  and   imprisonment;  and  for  each 

ubset|uent  offense  by  a  fine  of  not  less  tlian  one  or  more  than  five  dollars  for 
each  such  vessel,  or  by  iniinMsonment  for  not  less  than  twenty  days  nor  more 
tli.in  one  year,  or  by  both  such  lino  and  imprisonment. 

""  Skc.  87Sd.  That  the  use  or  possession  by  ;uiy  person  not  engaged  in  the  iiro- 
duclioii  or  sale  of  milk  or  cream  oi'  olhcr  iM'verage  as  aforesaid,  excei)t  the 
IK-rsoii  who  shall  so  have  lilcd  and  piililislied  a  description  of  the  same  as  afore- 

aid.  of  any  vessel  marked  or  distinguished  as  afore.said.  the  description  of 
which  shall  have  been  filed  and  published  as  afonssaid,  without  pin-chase  of  the 
contents  thereof  from,  or  the  written  consent  of,  the  person  who  shall  so  have 
(ilcd  and  imblished  the  said  descri|ition,  shall  bo  prima  facie  evidence  of  the  un- 
lawful use,  jiossession  of,  or  tralHc  in.  such  vessel,  and  the  jierson  so  using  or  in 
[lossession  of  the  same,  except  the  person  who  shall  so  have  liled  jind  published 
the  s.aid  description  as  aforesaid,  shall  be  punished  as  in  the  next  i)recedhig 
section   pi'ov  lilcd. 

UU— r.ull.   .W— <)!) .^.2 
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"  Sec.  STSe.  That  upon  complaint  of  any  person  who  has  complied  with  seetinn 
eight  hundred  and  seventy-eight  1),  or  his  agent,  to  the  police  court  of  the  lu>^ 
trict  of  Columbia,  or  one  of  the  judges  thereof,  that  such  person,  or  agent,  li.i 
reason  to  believe,  and  does  believe,  that  any  person  within  the  District  of  ('•' 
lumbia  is  guilty  of  the  violation  of  any  provision  of  this  act,  the  said  court  <>' 
judge  may  issue  a  search  warrant  to  discover  and  obtain  such  vessels  as  afore 
said  and  their  contents,  and  may  also  cause  to  be  brought  before  the  said  com  t 
or  judge  the  person  so  believed  to  be  guilty,  or  his  agent  or  employee,  in  whose 
possession  or  upon  whose  wagon  or  premises  any  such  vessel  or  vessels  may  be 
found ;  and  any  such  person,  agent,  or  employee  found  guilty  of  a  violation  of 
any  of  the  provisions  of  this  act  shall  be  punished  as  aforesaid,  and  the  said 
court  or  judge  shall  also  order  the  property  taken  upon  any  such  search  war- 
rant to  be  delivered  to  its  owner. 

"  Sec.  S7Sf.  That  the  clerk  of  the  supreme  court  of  the  District  of  Columbia 
is  hereby  authorized  to  make  regulations  and  prescribe  forms  for  the  filing  of 
labels,  trade-marks,  or  other  distinctive  marks  under  the  provisions  of  the  fore- 
going amendments  to  section  eight  hundred  and  seventy-eight. 

"  Sec.  STSg.  That  nothing  In  the  foregoing  amendments  to  section  eight  hun- 
dred and  seventy-eight  shall  prevent  or  restrain  any  person  who  is  the  legal 
owner  of  a  trade-mark  or  label  from  proceeding  in  an  action  of  tort  against  any 
person  found  guilty  of  violating  any  subsection  of  section  eight  hundred  and 
se\euty-eight." 

Approved,  February  27,  1907. 


Orders  of  the  Commissidiicrs  of  Ike  District  (if  Colitmhia. 

POLICI-J    BEGVLATIOXS. 
Coic   ijartln,  pcna,  or  slaWes. 

Article  XIX.  Section  1.  No  person  shall  establish  or  maintain  a  cow  yard, 
pen,  IT  slable  within  any  of  the  more  densely  populated  parts  of  the  District  of 
Columbia,  within  two  hundred  feet  of  any  building  used  as  a  dwelling  house, 
manufactory,  store,  or  place  of  public  assemblage,  without  the  written  consent  of 
the  owner  of  such  building;  such  consent  to  be  renewed  upon  the  first  day  of 
July  of  each  year  upon  thirty  days'  notice  by  the  health  officer  to  that  effect: 
Provided,  That  nothing  in  this  section  shall  be  construed  to  prevent  a  person 
from  keeping  one  cow  for  his  own  domestic  use,  nor  to  prevent  the  sale  of  the 
surplus  milk  by  a  person  keeping  a  cow  for  his  own  domestic  use. 

Sec.  2.  Any  person  violating  any  of  the  provisions  of  this  regulation  shall, 
upon  conviction  thereof,  be  punished  by  a  fine  of  not  more  than  five  dollars  for 
each  day  during  which  such  violation  shall  continue. — Order  of  August  ^8,  IS'JT. 

niMLDING   KEGI'I.ATIONS. 

I.iiciltion   III  ihliiiis. 

Sec.  170n.  Nci  d;iiry  nor  establishment  for  the  storage  or  sale  of  milk  or 
other  dairy  products,  which  shall  involve  in  its  use  or  operation  more  than  two 
wagons,  shall  be  established  or  located  in  any  square  or  block  fronting  on  any 
street  or  avenue  where  more  than  one-half  of  the  improved  property  in  such 
.square  or  block  fronting  on  such  street  or  avenue  is  used  for  residential  pur- 
poses, nor  sh.ill  any  such  dairy  or  establishment  be  located  in  any  square  or 
block  fronting  on  any  alley  of  which  more  than  tbrce-l'ourllis  of  the  improved 
property  in  such  square  or  block  is  used  for  residential  purposes,  except  with 
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the  written  consent  of  the  owners  of  three-fourtlis  of  the  property  within  two 
hundred  feet  if  the  boundaries  of  the  site  ou  which  such  dairy  or  estaljlishnient 
is  pro|)osed  to  be  located:  I'mrhlcd.  That  this  regulation  shall  not  ap])ly  to  any 
case  of  rebuilding  or  enlarging,  in  the  same  location,  any  existing  dairy  or 
establishment  for  the  storage  or  tale  of  milk  or  other  dairy  products. — Order  of 
April  n,  1906. 

BECrLATIONS    FOE    TUf:   GOVERNMENT    OF    DAIRIES    AND    DAIRY    FARMS. 

Ordered,  That  the  following  regulations  made  by  the  health  officer  of  the 
Iiistrict  of  Columbia,  pursuant  to  the  requirements  of  section  11  of  "An  act  to 
regulate  the  sale  of  milk  in  the  District  of  Columbia,  and  for  other  pnrposes," 
appro^■ed  JIarch  2,  1895,  in  lieu  of  the  regulations  on  the  same  subject  made 
and  approved  June  26,  1895.  are  hereby  approved: 

Section  1.  Xo  building  or  space  shall  be  used  for  dairy  purposes  which  is 
not  well  lighted  and  ventilated,  which  is  not  provided  with  a  suitable  floor, 
and,  if  such  room  or  space  be  a  cellar  or  subcellar,  or  be  located  in  a  cellar  or 
subcellar,  which  is  not  properly  concreted,  guttered,  and  drained. 
;  Sec.  2.  Xo  dairy  shall  be  located  or  maintained  within  any  kitchen,  wash 
;  room,  workshop,  or  inhabited  room,  nor  in  proximity  to  any  water-closet,  privy, 
cesspool,  or  urinal,  nor  in  any  room  or  space  which  is  not  of  such  size  and  con- 
struction as  to  iiermit  the  entire  separation  of  all  milk  and  milk  pi-oducts,  both 
in  the  process  of  handling  and  storing  the  same,  from  all  probable  sources  of 
contamination,  either  by  dirt,  noxious  gases,  infective  organisms  or  substances, 
or  anything  liable  to  alter  unnecessarily  the  quality  of  such  milk  or  milk 

IiIi"luctS. 

Sic.  3.  Every  person  maintaining  ;i  dairy  shall  provide  for  the  use  thereof, 
and  shall  use,  a  sufficient  uuml)er  of  receptacles,  made  of  nonabsorbent  material, 
for  the  reception,  storage,  and  delivery  of  milk,  and  shall  cause  them  to  be 
kept  clean  and  wholesome  at  all  times;  and  having  delivered  any  such  recep- 
tacle to  a  consumer  shall  not  again  use  the  same  for  the  reception,  storage, 
or  delivery  of  milk  or  cream  in  any  form  until  it  has  been,  to  his  personal 
knowledge,  properly  cleaned  after  such  use. 

Sec.  3a.  Elsewhere  than  in  the  proper  parts  of  premises  which  have  been 
duly  constructed  and  equipped,  and  which  are  duly  maintained  for  the  handling, 
storage,  and  sale  of  milk  or  cream,  no  person  shall  fill  or  partly  fill  with  milk 
or  cream  any  receptacle  intended  for  delivery  to  a  customer  unless  such  rcce|)- 
taiic,  at  the  time  of  filling,  be  furnished  by  the  customer  for  whose  service  such 
rici'iitacle  is  intended. —  (Amendment  of  .July  14,  1903.) 

Sec.  4.  Every  person  maintaining  a  dairy  shall  provide  for  the  use  thereof 
a  supply  of  pure  and  suitable  w'ater,  ■sufficient  for  the  proper  washing  of  all 
cans,  bottles,  and  appliances. 

Sec.  5.  Every  person  maintaining  a  dairy  shall  keep  the  same  and  all  ap- 
purtenances thereto  clean  and  wholesome  at  all  times,  and  shall  change  the 
water  in  the  coolers  at  least  once  each  day. 

Sec.  0.  No  building  shall  be  used  for  stabling  cows  for  dairy  purposes  which 
is  not  well  lighted,  venliliiled.  drained,  and  constructed,  or  which  is  not  lu'o- 
vided  with  stalls  or  with  proper  stanchions  tor  anchoring  the  cows,  so  arranged 
as  to  allow  not  less  than  thi'ee  and  one-half  feet  width  of  space  for  eacli  milch 
cow;  or  which  is  not  provided  with  good  and  sufficient  facilities  for  feeding 
the  animals  in  a  cleanly  manner;  or  which  contains  less  than  six  hundred  cnl)ic 
feet  clear  air  space  for  each  cow,  nnl(>ss  the  use  of  sncli  building  for  stalding 
cows  for  dairy  purposes  has  been  authorized  prior  to  the  promulsatiou  of  these 
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re.siilntiotip,  in  which  CJise  it  sliall  cinit.-iin  not  less  tli:in  rive  hiiiidrcil  euliii'  fci-i 
cle:ir  air  spuce  for  each  cow. 

Sec.  7.  No  room  sliall  be  used  for  slabliug  cows  for  dairy  |iiiri)oscs  which  con- 
tains any  water-closet,  privy,  cesspool,  urinal,  or  manure  pit,  nor  shall  any  fowl, 
hog,  horse,  sheej).  or  goat  be  kept  in  any  room  used  therefor. 

Sec.  S.  Every  person  using  any  premises  for  keeping  cows  for  dairy  puri)os( ;~ 
shall,  when  so  directed  by  the  health  officer,  erect  and  maintain  in  the  stalilr. 
stall,  shed,  or  yard  connected  therewith  one  or  more  proper  receptables  for 
drinking  water  for  such  cows,  and  shall  keep  the  same  supplied  with  clean,  fresh 
water,  and  none  other. 

Sec.  9.  Every  person  using  any  premises  for  keeping  cows  for  dairy  puri)osi> 
shall  keep  the  entire  premises  clean  and  in  good  repair  and  the  buildings  well 
painted  or  whitewashed. 

Sec.  10.  Every  person  using  any  premises  for  keeping  cows  for  dairy  imrposrs 
shall  cau.se  the  dung  to  be  reniove<l  from  the  stables  at  least  twice  daily,  and 
a,lways  within  one  hour  preceding  every  milking  of  the  cows ;  and  shall  not  allow 
any  accumulation  of  dung  within  the  building  occupied  by  the  cows,  but  shall, 
whenever  in  the  opinion  of  the  health  oflicer  it  is  required  by  local  conditions 
and  surroundings,  provide  temiiorary  storage  for  the  same  and  for  other  refuse 
in  a  separate  place,  which  shall  be  covered,  and  which,  when  so  ordered  by  said 
health  officer,  shall  be  a  water-tight  receptacle. 

Sec  11.  Every  person  keeping  cows  for  dairy  purposes  within  the  city  of 
Washington  or  its  more  densely  populated  suburbs,  or  elsewhere  in  the  District 
of  Columbia,  if,  in  the  opinion  of  the  health  officer,  local  conditions  require  it. 
shall  cause  the  inclosure  in  which  such  cows  are  kept  to  be  graded  and  draincil 
so  .-IS  to  keel)  the  surface  reasonably  dry  and  to  prevent  the  accumulation  of 
water  therein,  except  as  may  be  permitted  for  the  purpose  of  supplying  drinking 
water;  and  shall  not  permit  any  garbage,  urine,  fecal  matter,  or  similar  sub- 
stance to  be  placed  or  to  remain  in  such  inclosure.  nor  any  open  drain  to  run 
through  it. 

Sec.  12.  Every  person  keeping  cows  for  the  production  of  milk  for  sale  shall 
cause  them  to  be  kept  clean  and  wholesome  at  all  times,  and  shall  cause  the 
teats  and,  if  necessary,  the  udder  to  be  ctirefully  cleaned  by  brushing,  washing, 
or  wiping  befori;  milking,  and  shall  cause  each  such  cow  to  be  properly  fed  and 
watered. 

Sec.  13.  Any  person  using  any  premises  for  keeping  cows  for  dairy  purposes 
shall  provide  and  use  a  sufficient  number  of  receptacles,  of  uouabsorbent 
material,  for  the  reception,  storage,  and  delivery  of  milk,  and  shall  keep  them 
clean  and  wholesome  at  all  times,  and  at  milking  time  shall  remove  each  recep- 
tacle, as  soon  as  tilled,  from  the  stable  or  room  in  which  the  cows  are  kept;  nor 
shall  any  milk  of  cfeam  be  stored  or  kei>t  within  any  room  used  for  stabling 
cows  or  other  domestic  .•inimals. 

Sec.  14.  It  sliall  be  the  duty  of  every  person  having  charge  or  control  of  any 
premises  upon  whicli  cows  are  kept  to  notify  the  health  officer  of  the  District  of 
Columbia  of  llie  existence  of  any  contagious  or  infectious  disease  among  such 
cows,  by  letter  delivered  or  mailed,  within  twenty-four  hours  after  the  discovery 
thereof,  and  to  thoroughly  isolate  any  cow  or  cows  so  diseased,  or  which  may 
reasoiiaiily  bo  believed  to  be  infected,  and  to  exercise  sucli  other  precautions  as 
may  be  directed  in  writing,  by  said  health  officer. 

Sec.  1.5.  Milkers  and  those  engaged  in  the  handling  of  milk  or  cream  shall 
nijiintnin  strict  cleanliness  of  their  bands  and  persons  while  milking  or  while 
so  engaged.  It  shall  be  the  duty  of  every  person  holding  a  iiermit  to  maintain 
a  dairy  or  dairy  farm  to  enforce  this  regulation  in  reference  to  such  piTsoiis 
as  may  assist  them  iu  the  maintenance  thereof. 
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Sec.  10.  Thnt  any  perison  violating  any  of  tlie  foregoing  regulations  shall,  on 
conviction  thereof  in  police  court,  be  punished  by  a  fine  of  not  more  than  ten 
dollars  for  each  and  every  such  offense,  to  be  collected  as  other  fines  and  pen- 
alties ar-,>  collected. 

Sec.  it.  That  the  regulations  for  the  government  of  dairies  and  dairy  farms 
in  the  District  uf  Oulunibia  promulgated  June  26,  1895,  are  hereby  repealed. — 
Order  of  July  31,  ISiH. 


AN  ORDIN.\NCE  To  prpvont  the  sale  of  unwholpsome  food  in  tlie  cities  of  Washington 
and  GeorKPtown.  as  amended  by  I'ommissioners'  orders  May  15,  1871. 
[Except   as   otherwise    iudieated    these    ordinances    were    promulgated    by    the   hoard   of 
health  May  1.5.  1S71,  and  have  heen  lesialized  hy  Congress  on  April  24,  1880,  and  again  on 
August   17,  1894.1 

Sec.  2.  That  no  person  .shall  offer  for  sale  within  the  District  of  Columbia 
any  liquor  used  for  drink,  whether  malt,  vinous,  or  ardent,  or  the  millc  of  cow3 
or  goats,  intended  to  be  used  for  food  or  drink,  which  has  been  adulterated 
with  any  poisonous  or  deleterious  ingredient;  and  any  person  violating  the  pro- 
visions of  this  section  shall,  upon  conviction,  be  punished  by  a  fine  of  not  less 
than  ten  nor  more  than  fifty  dollars  for  each  and  every  such  offense. 

Sec.  5.  That  no  per.son.  whether  owner,  manager,  keeper  of,  agent,  bartender, 
or  clerk,  in  any  saloon,  restaurant,  boarding  house,  or  eating  house,  located 
within  the  District  of  Columbia,  shall  offer  for  sale  as  food  or  drink  anything 
poisonous  or  unwholesome;  and  any  person  violating  the  provisions  of  this 
section  shall,  upon  conviction  thereof,  be  punished  by  a  fine  of  not  less  than 
five  nor  more  than  twenty-five  dollars  for  each  and  every  such  offense. 

Sec.  6a.  That  any  person  in  the  District  of  Columbia  who  receives  milk  or 
cream  for  sale  shall,  iumiertiately  after  emptying  the  receptacle  in  which  such 
milk  or  cream  has  been  received,  thoroughly  rinse  such  receptacle  so  as  to  free 
the  same  from  all  remnants  of  milk  and  of  cream,  or  shall  cause  such  receptacle 
to  be  so  rinsed;  and  no  person  in  said  District  shall  put  or,  having  power  and 
.luthority  to  prevent,  permit  to  bo  put  into  any  receptacle  which  is  commonly 
used  for  the  storage  or  delivery  of  milk  or  cream  for  sale  anything  which  is 
filthy  or  offensive  or  any  refuse  matter  of  any  kind.  Any  person  violating  the 
provisions  of  this  section  shall,  upon  conviction  thereof,  be  punished  by  a  fine 
not  exceeding  twenty-five  dollars  for  each  and  every  such  offense. — Commis- 
sioners' regulation  of  April  21,  1903. 

Sec.  6b.  That  no  occupant  of  any  building,  room,  stand,  stall,  or  other  place 
In  the  District  cf  Cnliinilii.i  where  cattle,  sheep,  hogs,  poultry,  or  other  animals 
are  slaughtered  (U-  killed,  and  no  occupant  of  any  building,  room,  stand,  stall, 
or  other  place  in  said  District  where  milk,  game,  poultry,  fish,  vegetables,  fruits, 
groceries,  or  other  articles  of  food  are  prepared,  kept,  sold,  or  offered  for  sale, 
shall  permit  such  place  or  an  appurtenance  thereto  to  be  unnecessarily  unclean 
and  unwholesome.  No  person  who  slaughters  or  kills  in  said  District  any  cat- 
tle, sheep,  hogs,  poultry,  or  other  animals,  and  no  person  who  prepares,  keeps, 
sells,  or  offers  for  sale  any  meat,  game,  poultry,  fish,  vegetables,  fruits,  grocer- 
ies or  other  article  of  food,  shall  permit  any  implement,  knife,  m<!asure,  or 
utensil  used  in  connection  therewith  to  be  unnecessarily  unclean  or  unwhole- 
some or  in  unfit  condition  for  use  in  connection  with  the  slaughtering  or  killing 
of  cattle,  sheep,  hogs,  poultry,  or  other  animals,  or  for  the  preparation,  keeping, 
selling,  offering  for  sale,  and  delivery  of  meat,  game,  poultry,  fish,  vegetables, 
fruits,  groceries,  or  other  articles  of  food. 

Any  person  who  vioiiites  any  of  the  provisions  of  this  regulation  shall,  upon 
conviction  thereof,  be  punished  by  a  line  of  not  more  than  twenty-five  dollars 
for  each  and  everv  odi^usn.—Coinmis.'iioner.s'  licgiilation  of  Oetober  6,  I'JO'i. 
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Sec.  Gc.  No  persou  sLall  expose  for  sale  on  any  public  liijiUway.  or  in  any 
nniuclosed  niarljet.  store,  shop,  stauJ.  or  stall,  or  on  any  ojien  lot,  or  transport 
over  any  pul)Iic  highway  for  sale  either  by  himself  or  by  any  other  person,  in 
the  District  of  Columbia,  any  meat,  fish,  plucked  poultry  or  game  bird,  dressed 
rabbit  or  squirrel,  butter,  butterine,  oleomargarine,  lard,  lard  compound  or 
substitute,  cheese,  candy,  cake,  bread,  dates,  figs,  or  auy  food  whatsoever  of  a 
kind  not  commonly  washed,  peeled,  shelled,  or  cooked  before  being  eaten, 
unless  the  same  be  efCectually  and  in  a  cleanly  manner  wrapped,  or  covered 
and  inclosed,  so  as  to  protect  it  from  dust  and  insects. 

No  person  shall  expose  for  sale  in  auy  place  aforesaid  between  April  1  and 
October  31.  inclusive,  of  any  year,  any  fresh  meat  or  fresh  fish  unless  said  meat 
or  fish,  while  thus  exposed,  be  kept  at  a  temperature  not  exceeding  fifty-five 
degrees  Fahrenheit. — Commissioners'  Regulation  of  May  11,  1!)00. 

Sec.  6f.  No  vendor  or  distributor  of  foods  or  beverages  in  the  District  of 
Columbia  for  immediate  consumption  on  or  about  the  place  of  business  of  such 
vendor  or  distributor  shall  permit  any  cup,  glass,  spoon,  or  fork  that  has  been 
us.ed  for  or  in  connection  with  the  consumption  of  any  such  food  or  beverage 
to  be  used  again  for  the  same  piu-pose  until  after  it  has  been  thoroughly  washed 
in  clean  water. 

Any  person  violating  auy  of  the  provisions  of  Sec.  6c,  Sec.  Gd,  See.  6e,  or 
See.  Of,  shall  be  punished  by  a  fine  of  not  less  than  one  dollar  nor  more  than 
twenty-five   dollars   for    every    such    violation. — Commissioners'    Regulation    of 

April  2.',,  nm. 

Sec.  7.  That  no  person  shall  offer  for  sale  within  the  District  of  Columbia  auy 
unwholesome,  watered,  or  adulterated  milk,  or  swill  milk,  or  milk  from  cows 
kept  up  and  fed  on  garbage,  swill,  or  other  deleterious  substance:  nor  shall  any 
person  ofi'er  for  sale  within  said  District  any  butter  or  cheese  made  from  such 
unwholesome  milk :  and  any  person  violating  the  provisions  of  this  section  shall, 
upon  conviction,  be  punished  by  a  fine  of  not  less  than  five  nor  more  than  twenty 
dollars  for  each  and  every  such  offense. 

Sec.  12.  Every  manager  of  a  store,  market,  cafe,  lunch  room,  or  of  any  other 
place  where  a  food  or  a  beverage  is  manufactured  or  prepared  for  sale,  stored 
for  sale,  offered  for  sale,  or  sold,  which  store,  cafe,  lunch  room,  or  other  place 
is  in  operation  at  the  time  of  the  promulgation  of  this  regulation,  shall,  on  or 
before  .Tuly  1,  10O7,  register  bis  full  name,  and  the  location  of  said  store,  market, 
cafe,  hnich  room,  or  other  place,  and  the  nature  of  the  business  transacted,  in 
a  book  to  l)e  kept  in  the  health  otHce  for  that  purpose;  and  every  manager  of  a 
store,  market,  cafe,  lunch  room,  or  other  place  where  a  food  or  beverage  is 
manufactured  or  prepared  for  sale,  stored  for  sale,  offered  for  sale,  or  sold, 
that  is  first  opened  for  business  after  the  promulgation  of  this  regulation  shall, 
within  five  days  after  the  opening  of  said  store,  market,  cafe,  lunch  room,  or 
other  place,  register  in  like  manner.  In  event  of  a  change  in  the  manager  or  in 
the  location  of  any  store,  market,  cafe,  lunch  room,  or  other  place  aforesaid, 
the  manager  thereof  shall  call  at  the  health  oflSce  within  five  days  after  suc'.i 
change  takes  place  and  make  a  corresponding  entry.  Any  person  who  violates 
the  provision  of  this  regulation  shall,  upon  conviction  thereof,  be  punished  by 
a  fine  not  exceeding  twenty-five  dollars  for  each  and  every  such  offense, — Com- 
missioners' Regulation  of  April  5,  1!)07. 

Six.  Vi.  Every  manager  of  a  store,  market,  dairy,  cafe,  lunch  room,  or  any 
other  iilace  in  the  District  of  Columbia  where  a  food,  or  a  beverage,  or  confer- 
ti<inery,  or  any  similar  article,  is  manufactured  or  prepared  for  sale,  stored  for 
sale,  offered  for  sale,  or  sold,  shall  cause  it  to  be  screened  effectually,  or  effectu- 
ally iirolected  by  power-driven  fan  or  fans,  so  as  to  prevent  flies  and  otli.-r 
insects  from  obtaining  access  to  such  food,  beverage,  confectionery,  or  other 


823 

article,  and  shall  keeii  sneli  food,  b(>vpiiif;f,  confectionery,  or  other  article  free 
from  flies  and  other  insects  at  all  times.  Any  person  violating  the  provisions 
cf  this  regulation  shall,  upon  conviction  thereof,  be  punished  by  a  fine  of  not 
more  than  twenty -five  dollars  for  each  and  every  such  offense.  This  regulation 
shall  take  effect  from  and  after  the  expiration  of  thirty  days  immediately 
following  the  date  of  its  promulgation. — Vdiiimifniioncrs'  Ecgultitian  <if  April  11, 
lOOS. 

Sec.  14.  Every  manager  of  a  store,  market,  dairy,  cafe,  lunch  room,  or  of  auy 
other  place  in  the  District  of  Columbia  where  a  food,  or  a  beverage,  or  confec- 
tionery, or  any  similar  article,  is  manufactured  or  iirepared  for  sale,  stored  for 
sale,  ofi'ered  for  sale,  or  sold,  shall  equip  said  store,  market,  dairy,  cafe,  lunch 
room,  or  other  place,  with  running  water,  or  other  proper  water  supply  if  run- 
ning water  be  not  available,  and  with  facilities  and  material  for  the  proper 
washing,  and  shall  cause  such  washing  to  be  done,  of  the  hands  of  all  persons 
employed  therein,  and  for  the  proper  cleansing,  and  shall  cause  such  cleansing 
to  be  done,  of  said  store,  market,  dairy,  cafe,  lunch  room,  or  other  place,  and 
of  all  apparatus,  utensils,  and  materials  used  in  connection  therewith.  Any 
persons  violating  the  provisions  of  this  regulation  shall,  upon  conviction  thereof, 
be  punished  by  a  fine  of  not  more  than  twenty-five  dollars  for  each  and  every 
such  offense.  This  regulation  shall  take  effect  from  and  after  the  expiration 
of  thirty  days  immediately  following  the  date  of  its  promulgation. — Commis- 
sioners' Regulation  of  May  31,  1007,  a.i  amended  by  orders  of  June  10,  1007, 
and  April  11,  lOOS. 

Sec.  15.  No  person  shall  use  any  premises  or  any  part  of  any  premises  in  the 
District  of  Columbia  for  the  preparation,  manufacture,  or  storage  for  sale,  or 
for  the  offering  for  sale,  exchange,  or  delivery,  of  any  food,  drink,  confectionery, 
or  condiment  for  man,  unless  such  premises  or  part  of  premises  be  provided 
with  running  water,  or  other  proper  water  supply  if  running  water  be  not  avail- 
able, and  with  all  necessary  facilities,  apparatus,  and  material  for  the  proper 
cleansing  of  said  premises  or  part  of  premises,  and  of  all  apparatus,  utensils, 
and  materials  used  in  connection  therewith,  and  for  the  proper  cleansing  of 
the  hands  of  all  the  persons  employed  therein.  Any  person  violating  any  of 
the  provisions  of  this  .section  shall,  upon  conviction  thereof,  be  pimished  by  a 
fine  of  not  more  than  twenty-five  dollars  for  each  and  every  such  offense,  and 
each  day's  violation  shall  be  deemed  to  be  a  separate  offense. — Commissioners' 
Regulation  of  November  17,  lOOS. 

Regulations  for  the  Prevention  of  the  Spread  of  Scarlet  Fever,  Diph- 
theria, Measles,  Whooping  Couch,  Chicken  Pox,  Epidemic  Cerebro-Spinal 
'Meningitis,  and  Typhoid  Fever. 

Sec.  .'5.  No  person  residing  in  any  (.welling  house  or  in  any  aiiartmcnts  where 
there  is  in  said  dwelling  house  or  •■ipartmcnts  a  patient  suffering  from  diph- 
theria, scarlet  fever,  measles,  or  epidemic  cerebro-siiinal  meningitis,  shall,  while 
50  residing  and  during  the  continuance  of  such  case,  attend  public  or  private 
school  or  Sunday  school,  or  if  the  patient  vi'as  suffering  from  diphtheria  or 
scarlet  fever,  engage  in  11i(>  manufacture,  preparation,  storage,  or  sale  of  food 
3r  beverage. 

Sec.  (j.  Xo  iicrson  who  has  resided  in  any  dwelling  house  or  in  any  ai)art- 
uents  while  there  w:;s  in  such  dwelling  hous(>  or  aiiiirlments  a  patient  suffering 
rom  scarlet  fever,  diphtheria,  measles,  or  epidemic  cer(!l)ro-spJnal  meningills 
ihall  after  the  n'moval,  de;i1h,  or  I'ccovery  of  the  patient,  or  after  the  removal 
)f  such  person  from  such  dwelling'  liciuse  oi'  apartments,  attend  public  or  private 
ichool,  or  Sunday  school,  or,  if  the  ijalieiit  was  suffering  from  .scarlet  fever  or 
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diphtheria,  engage  in  tlie  nianufaotni'e.  lirojiaration,  or  storage  of  food  or  a 
beverage  for  sale,  or  in  the  sale  of  food  or  a  Ueverage,  without  tlu.'  written 
permission  of  the  health  officer,  for  a  period  following  the  first  ijropor  isolation 
of  the  patient,  when  no  disinfection  is  to  be  made,  and  when  disinfection  is 
necessary  immediately  following  the  completion  of  such  disinfection,  as  may  be 
directed  by  the  health  officer,  and  continuiifg  if  the  patient  was  suffering  from 
scarlet  fe'.er,  diphtheria,  or  epidemic  cerebro-spinal  meningitis,  for  seven  days, 
or  if  the  patient  was  suffering  from  measles,  for  fourteen  days. — Coinmission(i:f' 
Regiilatiiois  of  Aijril  5,  1907. 


KSTAULISHINC:    A   LIMIT   OF  TOLKKANCK  OX    MlI.K    BOTTLES   OB  JaRS. 

.July  20.  1001. 

Ordvrrd:  That  the  schedule  of  fees  for  insi)ecting  and  sealing  glass  liotti' 
or  jars  used  for  the  distribution  or  delivery  of  milk  or  cream  to  consume; 
adopted  June  17.   1001,  and   suspended  July  1  and   July   10,   1901,   is  hereb 
amended  to  read  as  follows,  to  take  effect  on  and  after  the  first  of  August. 
1901; 

That  the  glass  bottles  or  jars  used  for  the  distribution  or  delivery  of  milk  nr 
cream  to  consumers,  that  hold,  when  filled  to  a  level  with  the  bottom  of  tin/ 
cap  or  stopple,  not  less  than  seven  ounces  and  six  drams  and  not  over  eight 
ounces  and  two  drams  for  one-half  pint  measure ;  not  less  than  fifteen  ouncis 
and  five  drams  and  not  over  sixteen  ounces  and  four  drams  for  one  pint;  imi 
less  than  thirty-one  ounces  and  four  drams  and  not  over  thirty-two  ounces  ajul 
four  drams  for  one  quart;  not  less  than  forty-seven  ounces  and  three  drams 
and  not  over  forty-eight  ounces  and  five  drams  for  three  pints;  not  less  th:ui 
sixty -three  ounces  and  two  drams  and  not  over  sixty-four  ounces  and  six  drams 
for  one-half  gallon,  shall  be  sealed  as  measures  and  that  all  dealers  in  mill; 
who  use  glass  bottles  or  jars  for  the  distribution  or  delivery  of  milk  or  cream 
to  consumers  shall  be  charged  a  fee  of  fifty  cents  per  hundred  bottles  for  such 
inspection  and  sealing. —  (Commissioners  order  of  July  29,  1901.) 


NOTICE   TO    LIBRARIANS  AND    BIBLIOGRAPHERS   CONCERNING   THE 
SERIAL  PUBLICATIONS  OF  THIS  LABORATORY. 


The  Hygienic  Laboratory  was  established  in  Xew  York,  at  the  Marine  Hos- 
pital on  Staten  Island,  August,  18S7.  It  was  transferred  to  Washington,  with 
quarters  in  the  Butler  Building,  June  11,  1891,  and  a  new  laboi-atory  building, 
located  in  Washingtfm,  was  authorized  by  act  of  Congress,  JIarch  3,  1901. 

The  following  bulletins  [Bulls.  Nos.  1-7,  1900  to  1902,  Hyg.  Lab.,  U.  S.  Mar. 
Hosp.  Serv.,  Wash.]  have  been  issued : 

Xo.  1. — Preliminary  note  on  the  viability  of  the  Biicilhis  pcslis.  By  M.  J. 
Kosenau. 

Xo.  2. — Formalin  disinfection  of  baggage  without  apparatus.  By  M.  J. 
Itosenau. 

Xo.  3. — Sulphur  dioxid  as  a  germicidal  agent.     By  H.  D.  Geddiugs. 

Xo.  4. — Viability  of  the  liacillus  pestis.     By  M.  J.  Rosenau. 

Xo.  5. — An  investigation  of  a  pathogenic  microbe  (B.  typhi  murium  Dauyz) 
applied  to  the  destruction  of  rats.     By  M.  J.  Rosenau. 

Xo.  6. — Disinfection  against  mosquitoes  with  formaldehyde  and  sulphur 
dioxid.     By  M.  J.  Rosenau. 

Xo.  7. — Laboratory  technique:  Iting  test  for  iudol,  by  S.  B.  Grubbs  and 
Kdward  Francis;  Collodium  sacs,  by  S.  B.  Grubbs  and  Edward  Francis;  Micro- 
photography  with  simple  apparatus,  by  H.  B.  Parker. 

By  act  of  Congress  approved  July  1,  1902,  the  name  of  the  "  United  States 
Marine  Hospital  Service,"  was  changed  to  the  '•  Public  Health  and  Mariue- 
Hosi)ital  Service  of  the  United  States,"  and  three  new  divisions  were  added  to 
the  Hygienic  Laboratory. 

Since  the  change  of  name  of  the  Service  the  bulletins  of  the  Hygienic  Labora- 
tory have  been  continued  in  the  same  numerical  order,  as  follows: 

Xo.  8. — Laboratory  course  in  pathology  and  bacteriology.  By  JI.  J.  Rosenau. 
(Revised  edition  March,  1904.) 

Xo.  9. — Presence  of  tetanus  in  conunercial  gelatin.     By  John  F.  Anderson. 

Xo.  10. — Report  upon  the  prevalence  and  geographic  distribution  of  hook- 
worm disease  (uncinariasis  or  aucliylostomiasis)  in  the  United  States.  By 
Cb.  Warden  Stiles. 

Xo.  11.— An  experimental  investigation  of  Tri/pniiosoma  Icwisi.  By  Edward 
Francis. 

Xo.  12. — The  bacleriological  iniiun-ilies  of  vaccine  virus:  nn  experimental 
study.     By  M.  J.  Rosenau. 

Xo.  13. — A  statistical  study  of  the  intestinal  parasites  of  500  while  male 
patients  of  the  United  States  IJovernment  Hospital  for  the  Insane;  by  Philip 
E.  fiarrison,  Brayton  IL  Ransom,  and  Earle  C.  Stevenson.  A  parasitic  round- 
worm i.\(i(im(imrrmifi  culiciK  n.  g.,  n.  sp.)  in  American  mosquitoes  (Culr.r  sol- 
liril(nis\:  hy  Ch.  Wardell  Stiles.  The  type  species  of  the  cestode  genus 
Ilym(;n<iicpix;  by  Ch.  Wardell  Stiles. 

Xo.  14.— Spotted  fever  (tick  fever)  of  the  Rocky  Mountains;  a  new  disea.se. 
I'.y  John  F.  Anderson. 
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No  15. — Inefficiency  of  ferrous  suliihate  as  an  antiseptic  and  gorniiciJe.  I'.y 
Allan  J.  McLaughlin. 

No.  10. — The  antiseiitic  anil  fiermicldal  properties  of  glycerin.  By  M.  J. 
Rosenau. 

No.  17. — Illustrated  key  to  the  treniatode  parasites  of  man.  By  Ch.  Wardell 
Stiles. 

No.  IS. — An  account  of  the  tapeworms  of  the  genus  Humcnrjlciux  parasitic  in 
man,  including  reports  of  .sereral  new  eases  of  the  dwarf  tapeworm  (//.  ntin<i) 
in  the  United  States.    By  Brayton  H.  Ransom. 

No.  19. — A  method  for  inoculating  animals  with  precise  amounts.  By  JI.  .1. 
Rosenau. 

No.  20. — A  zoological  investigation  into  the  cause,  transmission,  and  souno 
of  Rocky  Mountain  "  spotted  fever."     By  Ch.  Wardell  Stiles. 

No.  21. — The  immunity  unit  for  standardizing  diphtheria  antitoxin  (based  on 
Ehrlich's  normal  serum).  Official  standard  prepared  under  the  act  approver': 
July  1,  1902.     By  M.  J.  Rosenau. 

'No.  22. — Chloride  of  zinc  as  a  deodorant  antiseptic,  and  germicide.  By  T.  B. 
McClintic. 

No.  2.3. — Changes  in  the  Pharmacopceia  of  the  United  States  of  America. 
Eighth  Decennial  Revision.    By  Reid  Hunt  and  Murray  Gait  Motter. 

No.  24. — The  International  Code  of  Zoological  Nomenclature  as  applied  to 
medicine.     By  Ch.  Wardell   Stiles. 

No.  25. — Illustrated  key  to  the  cestode  parasites  of  man.  By  Ch.  Wardell 
Stiles. 

No.  26. — On  the  stability  of  the  oxidases  and  their  conduct  toward  various 
reagents.  The  conduct  of  phenolphthaleiu  in  the  animal  organism.  A  test  for 
saccharin,  and  a  simple  method  of  distinguishing  between  cumarin  and  vanillin. 
The  to.xicity  of  ozone  and  other  oxidizing  agents  to  lapase.  The  influence  of 
chemical  con.stitution  on  the  lipolytic  hydrolysis  of  etheral  salts.  By  J.  H. 
Kastle. 

No.  27. — The  limitations  of  formaldehyde  gas  as  a  disinfectant  with  special 
reference  to  car  sanitation.     By  Thomas  B.  JlcClintic. 

No.  2S. — A  statistical  study  of  the  prevalence  of  intestinal  worms  in  man. 
By  Ch.  Wardell  Stiles  and  Philip  E.  Garrison. 

No.  29. — A  study  of  the  cause  of  sudden  death  following  the  injection  of  horse 
serum.     By  M.  J.  Rosenau  and  John  F.  Anderson. 

No.  .30. — I.  Maternal  tran.^mission  of  immunity  to  diphtheria  toxin.  II. 
Maternal  transmission  of' Immunity  to  diphtheria  toxin  and  hypersusceptibility 
to  horse  serum  in  tlu;  same  animal.     By  John  F.  Anderson. 

No.  31. — Variations  in  the  peroxidase  activity  of  the  blood  in  heallh  and 
disease.     By  Josejih  II.  Kastle  and  Harold  L.  Amoss. 

No.  32. — A  stomach  lesion  in  guinea  pigs  caused  by  diphtlieria  toxiiie  and  its 
bearing  upon  experimental  gastric  ulcer.  By  M.  J.  I!osenau  and  John  F. 
Anderson. 

No.  33. — Studies  in  exii(>rimental  alcoholism.     By  Reid  Hunt. 

No.  34. — I.  Af/iimo/Harid  (jroryUiua  n.  sp.,  an  apparently  new  roundworm 
parasite  from  llie  ankle  of  a  negress.  II.  The  zoological  characters  of  the 
roundworm  genus  Fihirifi  Mueller.  17S7.  III.  Three  new  American  cases  of 
infection  (if  iii.-ni  with  horseliair  worms  (species  Paragordius  varins).  with 
sinnniary  of  all  cases  reported  to  date.     I!y  Ch.  Wardell  Stiles. 

N'o.  35. — Ueiiort  on  the  origin  and  prevalence  of  typhoid  fever  in  the  District 
of  Columbia,     By  M,  J.  Ro.s(!nau,  L.  L,  Lnnisdeii,  and  Joseph  H.  Kastle.     (In- 
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eluding  articles  contributed  by  Ch.  Wardell  Stiles,  Joseph  Ooldberger,  and 
A.  M.  Stimson.) 

No.  36. — Further  studies  upon  hypersusceptibility  and  immunity.  By  M.  .J. 
Kosenau  and  John  F.  Anderson. 

No.  37. — 'Inde.x-catalogue  of  niedicai  and  veterinary  zoology.  Subjects: 
Trematoda  and  trematode  disea.ses.    By  Cli.  Wardell  Stiles  and  Albert  Hassall. 

No.  38. — The  influence  of  antitoxin  upon  post-dipbtlieritic  paralysis.  By 
M.  J.  Rosenau  and  John  F.  Anderson. 

No.  39. — The  antiseptic  and  germicidal  properties  of  solutions  of  formalde- 
hyde and  their  action  ujion  toxines.     By  John  F.  Anderson. 

No.  40. — Miscellaneous  zoological  papers.  By  Ch.  Wardell  Stiles  and  Joseph 
Goldberger. 

No.  41. — Milk  and  its  relation  to  the  public  health.     By  various  authors. 

No.  42.  The  thermal  death  points  of  pathogenic  micro-organisms  in  milk.  By 
M.  J.  Rosenau. 

No.  43. — The  standardization  of  tetanus  antitoxin.  .\n  .\merican  unit  estab- 
lished under  authority  of  the  act  of  July  1,  1902.  By  JI.  J.  liosenau  and  John 
F.  Anderson. 

No.  44. — Report  No.  2  on  the  origin  and  prevalence  of  typhoid  fever  in  the 
District  of  Columbia.  1907.  By  JSI.  J.  Kosenau.  L.  I..  I.umsden,  and  Joseph  H. 
Kastle. 

No.  45. — Further  studies  upon  anaphylaxis.  By  M.  J.  Rosenau  and  John  F. 
Anderson. 

No.  40. — Ilepatozoon  pcniicioKiim  (n.  g.,  n.  sp.)  ;  a  hremogregarine  pathogenic 
for  white  rats;  with  a  description  of  the  sexual  cycle  in  the  intermediate  host, 
a  mite  (Lelaps  ecliid'inus).    By  W.  W.  Miller. 

No.  47. — Studies  on  thyroid :  I.  The  relation  of  iodine  to  the  physiological 
activity  of  thyroid  preparations.     By  Reid  Hunt  and  Atherton  Seidell. 

No.  48.— The  physiological  standardization  of  digitalis.  By  Charles  Wallis 
Edmunds  and  Worth  Hale. 

Xo.  40. — Digest  of  comments  on  tlio  rnited  States  pharmacopoeia.  Eighth 
decennial  revision  for  the  period  ending  December  .'II.  190.").  By  Murray  (ialt 
Hotter  and  Martin  I.  Wilbert. 

No.  .oO. — Further  studies  upon  the  iibcnoiiii'iKm  nf  auapliylaxis.  l!y  JI.  J. 
Rosenau  and  John  F.  Anderson. 

No.  51. — Chemical  tests  for  blood.     By  Juseiili  IT.  Kastle. 

No.  .52. — Report  No.  3  on  the  origin  and  prevalence  of  typhoid  fever  in  the 
District  of  Columbia.    By  JI.  .7.  Rosenau,  L.  Ij.  Lumsden.  and  Joseph  H.  Kastle. 

No.  53. — The  influence  of  certain  drugs  upon  tlie  toxicity  of  acetanilido  and 
antipyrine.     By  Worth  Hale. 

No.  54. — The  fixing  power  of  alkaloids  on  volatil(>  acids  and  its  application 
to  the  estimation  of  alkaloids  with  the  aid  of  phenolphtbalein  or  liy  the  Volhard 
method.     By  Elias  Elvove. 

No.  55. — Quantitative  pharinacoldgical  studies;  adrenalin  and  adrenalinlike 
bodies.     By  W.  II.  Schult/,. 

Xo.  56. — Milk  and  its  relation  to  the  public  health.  (Revised  and  I'nlargcd 
edition  of  Bulletin  .\o.  11.)     I'.y  various  authors. 

In  citing  these  bulletins.  I)eginniug  with  No.  8,  bibliographers  and  autliors  .'ire 

requested  to  adopt  the  following  alibrevlations :  liull.  No. ,  llyg.  I.ab..  V.  S. 
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THE  PRESENCE  OF  TUBERCLE  BACILLI  IN  THE  CIRCULATING  BLOOD 
IN  CLINICAL  AND  EXPERIMENTAL  TUBERCULOSIS." 


By  John  F.  Anderson, 

I'axxfd  Assistant  Surgeon  and  Assistant  Director  Hygienic  Laboratory,  United  States 
Public  Health  and  Marine- Hospital  Service.  Washington.  D.  C. 


INTRODUCTION. 

Clinirinns  and  laboratory  workers  have  long  sought  for  aids  in 
tlic  tliagnosis  of  incipient  cases  of  pulmonary  tuberculosis  and  ob- 
Mure  infections  with  the  tubercle  bacillus  in  other  parts  of  the  body. 
1 1  is  frequentl}^  impossible  in  the  early  stages  of  phthisis  to  find  the 
l);iiilli  in  the  sputum  and  often  the  physical  signs  are  not  sufficiently 
ililiiiite  to  warrant  a  positive  diagnosis,  and  an  early  diagnosis  means 
n  probable  good  prognosis. 

The  various  tuberculin  reactions  in  adults  are  not  always  con- 
clusive. So  that  any  method  that  would  enable  us  to  make  an  early 
and  positive  diagnosis  in  a  large  percentage  of  cases  would  be  of 
almost  untold  value  to  the  clinician,  health  officer,  and  patient. 

A  recent  paper  by  Rosenberger,*  in  which  he  reports  the  finding 
of  tubercle  bacilli  in  the  blood  of  all  cases  examined,  has  excited 
much  interest.  If  Rosenberger's  claims  are  substantiated,  they  will 
be  of  great  value  in  the  diagnosis  of  tuberculosis.  His  statements 
were  based  largely  upon  finding  in  the  blood  bacilli  j)ossessing  the 
morphological  and  tinctorial  properties  of  the  tubercle  bacillus. 

The  method  employed  by  him  was  to  draw  about  5  c.  c.  of  blood 
from  a  vein  in  tiie  arm  and  at  once  to  mix  it  with  an  equal  quantity 
of  2  per  cent  sodium  citrate  solution  in  normal  salt  solution.  The 
mixture  was  well  shaken  and  placed  in  the  refrigerator  for  twenty- 
four  hours,  when  smears  were  made  from  the  setliment.  The  smears 
were  tlicn  dried  with  moderate  heat,  placed  in  distilled  water  until 
complete  laking  of  the  blood,  dried,  fixed  in  a  Bunsen  fiamo  and 
stained  by  the  usual  technic  for  (ubercle  bacilli.  In  a  later  paper 
he  states  that  ho  used  Pappcnlicinrs  solution  as  a  d(H'olorizer  and 
counter  stain. 

"Manuscript  subiuillcd  I'm-  ])iilili(a.ii(iri  .luly  ,S,  IIH)!). 

i>  Rosenberger,  Randlo  ('.:  The  presence  of  tubercle  Imcilli  in  the  circulating  blood 
in  tuberculosis.     Am.  Journ.  Med.  Sci.,  vol.  137,  No.  2,  1909,  p.  267. 
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In  liis  first  paper  Rosenberger  reports  positive  results  when  2  or 
2.5  c.  c.  of  tiie  sediment  were  inoculated  in  two  instances  into  guinea 
pigs- 
Various  observers  since  the  time  of  Villemin  have  reported  the 
finding  of  tubercle  bacilli  in  the  blood  in  tul)crculosis. 

Villenun  "  in  1868  reported  the  successful  inoculation  of  a  rabbit 
with  tuberculosis  bj'  the  blood  collected  from  the  femoral  vein  of  a 
tuberculous  rabbit;  also,  of  a  rabbit  witli  tlie  blood  from  a  case  of 
human  tuberculosis. 

I  shall  not  attempt  to  give  a  review  of  the  subject  of  tubercle 
bacilli  in  the  blootl,  as  the  literature  upon  this  subject  up  to  1904 
has  been  well  discussed  by  Bergeron  '  in  his  admirable  thesis  on 
the  subject.  In  his  paper  Bergeron  gives  a  fine  critical  review  of 
previous  work  and  in  addition  experiments  by  himself.  In  his  con- 
clusion he  sums  up  the  status  of  the  -subject  so  well  that  I  shall 
quote  the  following  from  him : 

1.  The  pathological  anatomy  shows  that  at  a  given  moment  the 
tubercle  bacillus  is  able  to  pass  into  the  general  circulation,  but  the 
lesions  capable  of  being  interpreted  as  being  the  result  of  an  infection 
in  the  blood  are  only  to  be  encountered  in  acute  tuberculosis. 

2.  Guinea  pigs  experimentally  infected  never  present  bacillemia 
either  at  the  beginning  of  the  infection  or  during  the  period  of 
cachexia. 

3.  Rabbits  experimentally  infected  usually  present  a  kind  of  lesion 
which  testifies  to  the  passage  of  the  bacilli  into  the  blood  at  a  given 
moment;  but  these  bacillary  discharges  should  be  considered  essen- 
tially transitory  and  ephemeral.  In  short,  in  spite  of  experiments  to 
the  contrary,  it  seems  impossible  to  demonstrate  the  presence  of  the 
bacilli  in  the  blood  by  means  of  the  inoculation  of  guinea  pigs  as  well 
in  the  beginning  of  the  disease  as  later,  when  the  infection  has  been 
made  by  subcutaneous  or  intraperitoneal  injections. 

In  cases  where  the  infection  has  been  made  intravenously  the 
bacilli  are  localized  more  or  less  rapidly  in  the  tissues  and  disappear 
from  the  circulation  in  a  time  which  may  not  exceed  four  hours 
(Nocartl),  but  may  be  as  late  as  six  days  (Gaertner)  or  even  later, 
though  not  nuich  later. 

4.  The  presence  of  tubercle  bacilli  in  the  blood  of  ))ersons  with 
miliary  tuberculosis  is  a  fact  proved  long  ago,  both  by  the  j)athoIog- 
ical  anatomy  and  autopsy  and  by  examination  of  the  blood  during 
life.  Researches,  however,  tend  to  show  that  the  bacillemia  of  acute 
tuberculosis  is  a  relatively  rare  phenomenon. 

"Villemin:  Etudes  sur  la  tubprrulose.     Paris,  T  868. 

I>  Uerfjcrnn,  Andre:  Etude  eriti(|ue  sur  la  presence  du  l);uille  cle  Koch  <I;uin  le  sang. 
'J'h^se,  Paris,  1904. 


5.  The  inoculation  of  nuinea  pigs  .siiows  that  in  the  course  of  non- 
miHary  tuberculosis,  even  when  it  has  assumed  a  rapid  form,  febrile 
or  hemorrhagic,  the  bacillemia  does  not  exist.  The  only  case  which  we 
know  of  (Ettlinger)  perhaps  may  be  explained  by  the  existence  of  a 
short  premiliary  stage  terminating  abruptly  in  this  observation  by  a 
hyperacute  peritonitis. 

6.  The  results  by  the  use  of  the  inoscopic  methoil  of  Jousset  ami 
the  method  of  homogenization  are  not  to  be  admitted  without  great 
reserve.  These  methods,  in  order  to  preserve  their  value,  ought  to  be 
followed  with  a  perfect  asep.sis  very  difficult  to  realize. 

7.  The  most  grave  causes  of  error  wliich  are  attached  to  the 
methods  recently  proposed  for  the  direct  finding  of  tubercle  bacilli 
in  the  blood  reside  in  the  fact  of  the  existence  in  our  surroimdings : 

a.  Of  acid-resistant  bacilli,  well  studied  by  Koch,  Petri,  Moeller,  etc. 

b.  Of  common  .saprophytic  bacteria,  which  have  acquired  in  the 
organic  media  where  they  are  accidentally  found,  an  acid-resistant 
power  more  or  less  accentuated. 

TECHNIQUE  EMPLOYED   IN   THE   COLLECTION   AND  EXAMINATION   OF 
THE  BLOOD. 

In  order  to  endeavor  to  find  out  why  the  results  of  tlie  older 
observers  differed  from  those  of  Rosenberger,  I  imdertook  a  study  of 
tubercle  bacilh  in  the  blood. 

My  studies  have  been  made  on  48  cases  of  human  tuberculosis  and 
13  guinea  pigs  and  8  rabbhts  experimentally  infected.  The  study 
consisted  of  the  examination  of  smears,  cultures,  and  the  inoculation 
of  blood  into  fresh  guinea  pigs.  With  a  few  exceptions,  which  are 
noted  in  the  protocols,  the  following  procedure  was  employed: 

In  the  human  cases  the  blood  was  drawn  from  the  vein  at  the  bend 
of  the  elbow.  Usually  10  or  20  c.  c.  of  blood  were  taken  and  mixed 
with  sufficient  sodium  citrate  solution  to  give  approximately  a  1  per 
cent  solution  of  the  citrate,  and  thoroughly  shaken.  As  soon  as  the 
blood  was  received  at  the  laboratory  it  was  divided  into  two  lots. 
One  lot  was  at  once  centrifuged  for  one  hour  at  high  speed.  Two 
smears  were  made  from  the  sediment,  using  in  every  case  drawn-out 
j)il)ettes  that  had  never  been  used.  Five  drops  of  the  sediment  were 
then  planted  in  a  fermentation  tube  of  lactose-bouillon  and  5  drops 
on  glycerin-potato;  2.5  c.  c.  of  the  sediment  was  next  injected  into 
the  peritoneal  cavity  of  a  young  guinea  [)ig. 

The  cultures  were  placed  in  tlie  incubator  at  37°  C. ;  the  fermenta- 
tion tube  was  examined  for  giowth  in  twenty-four,  forty-eight,  and 
seventy-two  hours,  and  discarded  after  that  time.  The  potato  cul- 
tures were  sealed  with  j)araffin  and  ke])t  imder  observation  foi'  two 
months.     The  guinea  ])igs   were   weighed   at   intervals   of  a  week. 
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Those  that  dietl  were  ciii-ol'iilly  autopsicd,  and  if  any  lesions  siig- 
gestive  of  tuberculosis  was  found  an  emvdsion  of  the  suspicious 
material  was  injected  into  another  guinea  pig.  All  animals  alive  at 
the  end  of  two  months  were  killed  and  autopsied. 

The  other  half  of  the  citrated  blood  was  placed  in  the  ice  chest  and 
at  the  end  of  twenty-four  hours  exactly  the  same  procedure  was 
followed  with  it  as  detailed  above  for  the  centrifuged  portion. 

The  blood  from  the  experimentally  infected  guinea  pigs  and  rabbits 
was  taken  directly  from  the  exposed  heart  after  the  animal  had  been 
etherized  and,  except  in  afew instances,  treated  as  that  from  the  human 
cases,  though  as  a  rule  fermentation  tube  cultures  were  not  made. 

All  the  smears  were  first  dried  by  moderate  heat,  then  the  blood 
was  laked  in  distilled  water,  air  dried,  fixed  in  the  Bunsen  flame, 
stained  with  hot  carbol-fuchsin,  decolorized  in  20  per  cent  sulphuric 
acid,  washed  in  alcohol,  counterstained  with  Loeifler  blue,  and 
examined  for  acid-fast  Ijacilh. 

I  wish  to  acknowledge  my  indebtedness  to  Dr.  W.  H.  Frost,  who 
kindly  collected  most  of  the  specimens  of  blood  from  the  cases  of 
human  tuberculosis,  and  to  Doctor  Smith,  resident  physician  of  the 
district  tuberculosis  hospital,  and  his  assistants,  for  courtesies 
extended  Doctor  Frost  in  the  collection  of  the  blood  from  the  cases 
of  human  tuberculosis. 

The  results  will  be  seen  from  the  following  pi'otocols: 

Blood  from  casts  of  human  tuberculosis. 
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5  c.  c.  in 

_ 

— 

_ 

2.5 

.30 

70 

Do. 

lure  100°  F.;  improving; 

ice  chest. 

bacilli  in  sputum. 

22 

Pulmonary  tuberculosis;  6 

10 

oc.c.cen- 

_ 

_ 

_ 

2.5 

37 

3 

Do. 

n.  M. 

moiuhs'    duration;  infil- 

tri  fuged. 

tralion  right  apex;  tem- 

5 c.  c.  in 

— 

— 



2.5 

38 

69 

Do. 

perature  9S°  to  100°  F.; 

ice  chest. 

improving;  bacilli  in  spu- 

tum. 

23 

Pulmonarv  tuberculosis;  3 

10 

5  c.  c.  cen- 

_ 

_ 

_ 

2.5 

.39 

69 

Do. 

J.  D. 

monitis'    duration;  infil- 

tri fuged. 

tration    half    1    Inng;  no 

5  c.  c.  in 

— 

— 

_ 

2,5 

40 

69 

I).). 

fever;  improving;   bacilli 

ice  chest. 

in  sputum. 

24 

Pulmonaiy  tuberculosis;  3 

5 

5  c.  c.  cen- 

- 

_ 

_ 

2.5 

41 

69 

Do. 

s.  r. 

monlhs'  duration;  pneu- 
mopyolhora.\;    tempera- 
tnre  normal  to   101°  F.; 
improving;  bacilli  in  spu- 
tum. 

tritnged. 

2.') 

Pulmonarv  tuberculosis;  1 

10 

5  c.  c.cen- 

_ 

_ 

_ 

2.5 

42 

69 

Do. 

i.n. 

yeanliuatjiiii;  inliltralinn 

trifuged. 

oTicI  liiiil  1  hnif:;  nil  ri'\cf 

5  c.  c.  in 

— 

~ 

— 

2.5 

43 

69 

Do. 

dischart;.'.!  Iniiii  li.ispilal: 

ice  chest. 

bacilli  in  s|>uium. 

2li 

Pulmonary  tnberculosis:  1 

10 

5  c.  c.  ccn- 

_ 

_ 

_ 

2.5 

44 

69 

Do. 

7C.  I!, 

year  duration;  Inrdtration 

trlluged. 

half  1  lung;  no  fever;  ba- 

n c.  c.  In 

— 

— 

_ 

2  5 

45 

69 

Do. 

cilli  in  sputum. 

ice  chest. 

27 

Pulmonary  tuberculosis;  0 

10 

5  c.  c.  con- 

_ 

_ 

_ 

2.5 

4U 

00 

Do. 

I..  H. 

months'  iluratlon;  consol- 

trifuged. 

Idallon  half  left  lung;  fc- 

fi  c.  c.   In 

— 

_ 

_ 

2.  .'i 

47 

f.8 

Do. 

verl    00°    [•■.;  Improving; 

Ice  chest. 

bacilli  In  sputum. 

1 

13 


Blood  from  cases  of  human  tuberculosis — Continued. 


1 

a  .■ 

"  ^ 

-g 

How  blood 
was 

%--'fiv: 

treated. 

■°c 

3b 

:4 

xi-^ 

o  ^ 

5  c.  c.  cen- 

trifuged. 

ice  chest. 

II?' 


Pulmonary  tuberculosis;  2 
months'"  duration;  shght 
infiltration  left  lung;  dis- 
charged as  improved;  ba- 
cilli in  sputum. 

Pulmonary  tuberculosis;  3 
years'  duration;  half  1 
lung  consolidated;  tem- 
perature normal;  improv- 
ing; bacilli  in  sputum. 

Pulmonary  tuberculosis;  2 
years'  duration;  1  lung  in- 
filtrated; temperature  101* 
F.;  bacilli  in  sputum. 

Pulmonary  tuberculosis;  .1 
years'  duration;  consoli- 
dation and  cavity  upper 
third  1  lung;  arrestee!;  no 
fever;  bacilli  in  sputum. 

Pulmonary  tuberculosis;  3 
years'  duration;  infiltra- 
tion both  apices;  tem- 
perature 98°  to  100°  F.; 
bacilli  in  sputum. 

Pulmonary  tuberculosis;  8 
years'  duration;  extensive 
infiltration;  quiescent;  fe- 
ver 100°  F.;  bacilli  in 
sputum. 

Pulmonary  tuberculosis; 
advanced;  bat^illi  in  spu- 
tum. 


Pulmonari' 
years'  '  I  i 
sive;  tiili, 
sputum;  I 


Pulmonary  tuberculosis:  G 
mnn1hs''duration;  1  lung 
iiin^Dlidaled;  other  infll- 
itiiti'l;  not  improving; 
li;ir;lii  in  sputum. 


I'niii 


i:ili( 


■illi 


died  Kidays  laliT. 
'iilmonary  tuljerculosts;  2 
years'  duralion;  extensive 
involvement;  bacilli  in 
sputum;  <lled  2-1  days 
later. 


"Thcrc'Sull  rniiTi  Ihc  hi I  il 

As  wi'll  be  .seen.  llli'S.'  liid'nenc. 
potato  or  llio  infection  of  tlic  r' 


No  evi<lence 
of  tubercu- 
losis. 


fuged. 
3.5  c.  c.  in 
ice  chest. 


5  c.  c.  cen- 
trifuged. 

5  c.  c.  in 
ice  chest. 


5  c.  c.  cen- 
trifuged. 

5  e.  c.  in 
ice  chest. 

3.5    c.    c. 

cent  ri- 

fugcd. 
3.5  c.  c.  in 

ice  chest. 

5  c.  c.  cen- 
trifuged. 

5  c.  c.  in 
Ico  chest. 


Bc.c.cciv- 

trifuged. 
5  e.  c.  In 

ice  chest. 
5  c.  0.  In 

Ico  chest 

after 

lidding 

tubercle 

bacilli. 

i.liitlon  to  which  the  luhercle  haillll  wore  iiddi-.l  was  n  control 
ixl  and  also  upon  the  germicidal  acllon  ol  Ihecltrale  solution. 
iilliclcnl  lo  prevent  the  growth  of  tubercle  Imcilll  on  glycerin 
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Blood  from  cases  of  human  liibenulosis — Continued. 
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39 

Tuberculosis  of  knee  and  el- 

c. c. 

20 

S  c.  c.  cen- 

c.  c. 
2.5 

69 

67 

No  evidence 

McC. 

bow  joints;  tubercle  bacilli 
not  demonstrated. 

trifuged. 

of  tubercu- 
losis. 

5  c.  c.  in 

_ 

_ 

_ 

2.5 

70 

67 

Do. 

ice  chest. 

40 

Pulmonary       tuberculosis; 

10 

5  c.  c.  cen- 

2.5 

71 

64 

Do. 

P.  B.  J. 

.slight;  incipient;  bacilli  in 

trifuged. 

sputum. 

5  c.  c.  in 
ice  chest. 

- 

- 

- 

2.  5  1  72 

6 

Do. 

41 

Pulmonary  tuberculosis;  31 

10 

5  c.  c.  cen- 

_ 

_ 

2.5 

73 

31 

Do. 

E.  H. 

years*    duration;    exten- 

trifuged. 

sive  involvement;  bacilli 

5  c.  c.  in 

_ 

_ 

_ 

2.5 

74 

05 

Do. 

in  sputum;  died  10  days 
later. 

icechest. 

42 

Pulmonary  tuberculosis;  6 

8 

4  c.  c.  cen- 

2.5 

75 

65 

Do. 

J.  D. 

months'  duration^  cavities 

trifuged. 

both  lungs:  temperature 

4  c.  e.  in 

_ 

_ 



2.5 

76 

65 

Do. 

100°  to  103°  F.;  bacilli  in 

icechest. 

sputum. 

43 

Pulmonary  tuberculosis;  0 

5 

5  c.  c.  cen- 

2.5 

77 

64 

Do. 

G.  V. 

months' duration:  moder- 
ately    advanced;     both 
lungs  consolidated;  tem- 
perature 98°  to  101°  F.; 
bacilli  in  sputum. 

trifuged. 

44 

Pulmonary  tuberculosis;  U 

5 

5  c.  c.  cen- 

_ 

2.5 

78 

64 

Do. 

D.  F. 

years'duration;  extensive; 
considerable  temperature; 
bacilli  in. sputum. 

trifuged. 

45 

Pulmonary  tuberculosis;  .5 

5 

5  c.  c.  cen- 

_ 

_ 

_ 

2.5 

79 

65 

Do. 

S.  C. 

month.s' duration;  infiltra- 
tion half  1  lung;  bacilli  in 
sputum;    died    12    days 
later. 

Irifuged. 

4(i 

Pulmonary  tuberculosis;  ;i 

20 

Iflc.c.cen- 

2.r, 

80 

64 

Do. 

J.  McG. 

years'  duration;  slight  in- 
volvement; no  consolida- 
tion: temperature  normal; 
bacilli  in  sputum. 

trifugeU. 

47 

Pulmonary  tuberculosis;  !i 

25 

10  c.  c.  cen- 

2.5 

81 

64 

Uo. 

W.  R. 

months'duration;  general 

trifuged. 

infiltration; fever  100°  F.; 

5  c.  c.  in 

_ 

_ 



2.5 

82 

64 

Do. 

bacilli  in  sputum. 

icechest. 

4» 

Pulmonary  tuberculosis;  0 

U 

lie.  c.  cen- 

_ 

_ 

_ 

2.5 

83 

64 

Do. 

C.  L. 

months'  duration;    very 
extensive    involvement; 
bacilli  in  sputum;  died  2 
days  later. 

trifuged. 

15 

BLOOD  FROM  RABBITS  EXPERIMENTALLY  INFECTED. 

-VU  the  following  rabbits  from  which  blood  was  takun  were  inocu- 
(latcd  subcutaneously  \\ath  0.5  c.  c.  of  an  emulsion  of  a  glycerin 
t|)i>liito  growth  of  bovine  tubercle  bacilli.  The  rabbits  were  etherized 
1 1  \  arying  intervals  after  infection,  the  heart  exposed  and  the  blood 
iniwn  directly  from  the  heart  into  a  sterile  syringe.  In  most  in- 
i.iuces  a  guinea  pig  was  given  5  c.  c.  of  the  rabbit's  heart  blood 
Mil  1  aperitoneally. 

About  10  c.  c.  of  the  blood  was  added  to  sterile  citrate  of  soda 

'  i'ition  and  placed  in  the  ice  chest  overnight.     Cultures  were  made 

glycerin  potato  both  from  the  whole  heart's  blood  and  from  the 

,  ..luient  of  the  citrated  blood.     With  a  few  exceptions  two  smears 

wcvv  made  from  the  sediment  of  the  citrated  blood  alone.     After 

ilir  l)lood  was  drawn  from  the  heart  the  rabbit  was  killed  and  a 

J I  rial  autopsy  made  to  determine  if  the  animal  was  tuberculous. 

Till'  details  will  be  seen  from  the  following  protocols : 

1,'abbit  No.  1. — Blood  drawn  fourteen  days  after  infection.  No 
ii;iked-eye  evidence  of  tuberculosis  at  autopsy.  No  cultures  made 
I'lciin  the  blood. 

Five  c.  c.  whole  heart's  blood  injected  into  guinea  pig  No.  lA, 
weight  310  grams;  Idlled  seventy  days  later,  weight  415  grams; 
l:i  iicialized  tuberculosis. 

Uiihhit  No.  2. — Blood  drawn  twenty-one  days  after  infection. 
Nil  naked-ej'e  evidence  of  tuberculosis  at  autopsy. 

I'^ive  c.  c.  whole  heart's  blood  injected  into  guinea  pig  No.  2A, 
weight  290  grams;  died  two  days  later;  no  evidence  of  tuberculosis  at 
autopsy.     Glycerin  potato  culture  of  whole  blood  negative. 

Ten  c.  c.  blood  in  citrate  soda  solution  in  ice  chest  twenty-four 
liiiins.  No  tubercle  bacilli  found  in  sediment  smears;  no  growth 
on  glycerin  potato  in  six  weeks;  2.5  c.  c.  sediment  intraperitoncally 
in  guinea  pig  No.  2B,  weight  285  grams;  killed  64  days  later,  weight 
350  grams;    no  evidence  of  tuberculosis  at  autopsy. 

Rabbit  No.  '3. — Blood  drawn  twenty-seven  days  after  infection. 
General  tuberculosis  at  autopsy. 

Whole  heait's  blood  on  glyceiiu  potato  gave  gi'owth  of  tubercle 
bacilli.  Six  c.  c.  whole  heart's  blood  injected  into  guinea  j)ig  No.  3A, 
weight  300  grams;  killed  fifty-eight  days  later,  weight  490  grams; 
general  tuberculosis  at  autopsy. 

Fourteen  c.  c.  blood  in  citrate  soda  solution  in  ice  chest  twenty-four 
hours.  No  tubercle  bacilli  in  sediment  smears.  Growth  of  tubercle 
bacilli  from  sediment  on  glycerin  potato.  Two  and  five-tenths  c.  c. 
sediment  intraperitoneally  into  guinea  ])ig  No.  3B,  weight  310  grams; 
died  fifty-seven  days  later,  weight  3G5  grains;  general  tuberculosis 
at  autopsy. 
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Rahbit  No.  4. — Blood  drawn  twenty-seven  days  after  infortion. 
General  tuberculosis  at  autopsy. 

Wliole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 
bacilli.  Four  c.  c.  whole  heart's  blood  into  guinea  pig  No.  4A, 
weight  310  grams;  killed  fifty-nine  days  later,  weight  480  grams; 
general  tuberculosis  at  autopsy. 

Ten  c.  c.  blood  in  citrate  soda  solution  in  ice  chest  twenty-four 
hours.  No  tubercle  bacilli  in  sediment  smears.  Two  and  five-tenths 
c.  c.  sediment  intraperitonealh^  into  guinea  pig  No.  4B,  weight  300 
grams;  killed  fifty-eight  days  later,  weight  475  grams;  no  evidence 
of  tuberculosis  at  autopsy.  No  growth  tubercle  bacilli  on  glycerin 
potato  in  six  weeks. 

Rahhit  No.  5. — Blood  drawn  twenty-seven  days  after  infection. 
Geheral  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  potato  gave  growth  of  tubercle 
bacilli.  Five  c.  c.  whole  heart's  blood  into  guinea  pig  No.  5A, 
weight  320  grams;  killed  fift_y-nine  days  later,  weight  530  grams; 
general  tuberculosis  at  autopsy. 

Ten  c.  c.  blood  in  citrate  soda  solution  in  ice  chest  twenty-four 
hours.  No  tubercle  bacilli  in  sediment  smears.  Three  c.  c.  sediment 
into  guinea  pig  No.  5B,  weight  295  grams;  killed  fifty-eight  days 
later,  weight  290  grams;  general  tuberculosis  at  autopsy.  Growth  of 
tubercle  bacilli  on  glycerin  potato  from  sediment. 

Rabbit  No.  6. — Blood  drawn  twenty-seven  days  after  infection. 
General  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 
bacilli.  Five  c.  c.  whole  heart's  blood  into  guinea  pig  No.  6A, 
weight  305  grams;  killed  fifty-nine  days  later,  weight  550  grams;  no 
evidence  of  tuberculosis  at  autopsy. 

Ten  c.  c.  blood  in  citrate  soda  solution  in  ice  chest  twenty-four 
hours.  No  tubercle  bacilli  in  sediment  smears.  Two  and  five- 
tenths  c.  c.  sediment  intraperitoneally  in  guinea  pig  No.  6B,  weight 
310  grams;  killed  fifty-eight  days  later,  weight  480  grams;  general 
tuberculosis.  No  growth  of  tubercle  bacilli  from  sediment  on 
glycerin  potato. 

Rabbit.  No.  7. — Blood  drawn  (wenty-seven  days  after  infection. 
General  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  ])otato  gave  growth  of  tubercle 
bacilli.  Four  c.  c.  whole  heart's  blood  into  guinea  pig  No.  7A, 
weight  315  grams;  died  fifty-seven  days  later,  weight  420  grams; 
general  tuberculosis  at  autopsy. 

Ten  c.  c.  blood  in  citrate  soda,  solution  in  ice  chest  twenty-four 
hours.  No  tul)ercle  bacilli  in  seuliment  smears.  Two  and  five-tenths 
c.  c.  sediment  intraperitoneally  into  guinea  pig  No.  7B,  weight  300 
grams:  died  (ifty-seven  daA's  later,  weiglit  .310  grams;   general  tuber- 
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losis   at   autopsy.     Growth  of  tubercle  bacilli   from  sediment  on 

ycerin  potato. 

Rabbit  No.  8. — Blood   drawn   twenty-seven    days   after   infection. 

?neral  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 

icilli.     Five  c.  c.  whole  heart's  blood  into  guinea  pig  No.  8A,  weight 

lO  grams;  killed  fifty-nine  days  later,  weight  415  grams;  general 

berculosis  at  autopsy. 

Ten  c.  c.  blood  in  citrate  soda  solution  in  ice  chest  twenty-four 

urs.     No  tubercle  bacilli  in  sedunent  smears.     Four  c.  c.  sedunent 

traperitoneally  in  guinea  pig  No.  SB,  weight  300  grams;  diedfifty- 

ven  daj^s  later,  weight  420  grams;  general  tuberculosis  at  autopsy. 

J  growth  of  tubercle  bacilli  from  sediment  on  glycerin  potato. 

BLOOD  FROM  GUINEA  PIGS  EXPERIMENTALLY  INFECTED. 

Ail  the  following  guinea  pigs  from  which  blood  was  taken  were 
)culated  subcutaneously  with  five-tenths  c.  c.  of  an  emulsion  of 
glycerin   potato  growth  of  bovine  tubercle  bacilli.     The  guinea 

]  ^s  were  etherized  at  varying  intervals  after  infection,  the  heart 
posed  and  the  blood  drawn  directly  from  the  heart  into  a  sterile 
ringe  with  citrate  of  soda  solution.     Usually  about  five  c.  c.  of 

1  e  whole  citrated  blood  was  at  once  injected  into  the  peritoneal 
vity  of  a  fresh  guinea  pig. 

The  remainder  of  the  blood  in  the  syringe  w^as  placed  in  the  ice 
est  over  night. 
Cultures  were  made  on  glycerin  potato  both  from  the  w'hole  heart's 

1  ;>od  and  from  the  sedunent  of  the  citrated  blood.  With  a  few 
ccptions  two  smears  were  made  from  the  sediment  of  the  citrated 

1  )od  alone.     After  the  amount  of  blood  desired  had  been  taken 

i  )in  the  heart  the  guinea  pig  was  killed  and  a  careful  autopsy  made 

i    determine  if    the  anunal  was  infected  with   tuberculosis.     The 
tails  will  be  seen  from  the  following  protocols: 
Guinea  pig  No.  100. — Blood  drawn  fourteen  days  after  infection. 

(I'ncral  tuberculosis  at  autopsy.     No  cultures  made  from  the  blood. 
Five  c.  c.  whole  heart's  blood  injected  into  guinea  pig  No.  lOOA, 
•ight  305  grams;    killed  sixty-seven  days  later,  weight  450  grams; 
I  evidence  of  tuberculosis  at  autopsy. 
Guinea  jrig  No.  101. — Blood  drawn  fourteen  days  after  infection. 

(I'noral  tuberculosis  at  autopsy.  No  cultures  made  from  the  blood. 
Four  c.  c.  whole  heart's  blood  into  guinea  pig  No.  lOlA,  weight 
0  grams;  killed  sixty-seven  days  later,  weight  540  grams;  no  evi- 
nce of  tuberculosis  at  autopsy. 

Guinea  fig  No.  102. — Blood   drawn   sixteen   days   alter   infection, 
uieral  tuberculosis  at  autopsy. 
7987— Bull.  57—09 2 
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Whole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 
bacilli.  Four  c.  c.  whole  heart's  blood  into  guinea  pig  No.  102A, 
weight  290  grams;  died  ten  days  later;  no  evidence  of  tuberculosis 
at  autopsy. 

Five  c.  c.  blood  in  citrate  solution  in  ice  chest  over  night.  Five 
c.  c.  sediment  into  gumea  pig  No.  102B,  weight  310  grams;  killed 
sixty -nine  days  later,  weight  530  grams;  no  evidence  of  tuberculosis 
at  autopsy.  No  growth  of  tubercle  bacilli  from  sediment  on  glycerin 
potato.     No  tubercle  bacilli  found  in  sediment  smears. 

Guinea  pig  No.  JOS. — Blood  drawTi  sixteen  days  after  infection. 
General  tuberculosis  at  autopsy. 

Wliole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 
bacilli.  Four  c.  c.  whole  heart's  blood  mto  guinea  pig  No.  103A, 
weight  300  grams;  killed  sixty-nine  days  later,  weight  43.5  grams; 
no  evidence  of  tuberculosis  at  autposy. 

Five  c.  c.  blood  in  citrate  solution  in  ice  chest  over  night.  Five 
c.  c.  sediment  into  guinea  pig  No.  103B,  weight  275  grams;  killed 
sixty-eight  days  later,  weight  525  grams;  no  evidence  of  tuberculosis.. 
No  growth  of  tubercle  bacilli  from  sediment  on  glycerin  potato.  No 
tubercle  bacilli  in  sediment  smears. 

Guinea  pig  No.  lO^.. — Blood  drawai  eighteen  days  after  infection. 
General  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 
bacilli.  Five  c.  c.  whole  heart's  blood  into  guinea  pig  No.  104A, 
weight  285  grams;  died  eleven  days  later;  no  evidence  of  tuberculo- 
sis at  autops}". 

Five  c.  c.  blood  in  citrate  solution  in  ice  chest  over  night. 

Two  and  five-tenths  c.  c.  sediment  into  guinea  pig  No.  104B,  weight 
280  grams;  died  eleven  days  later;  no  evidence  of  tuberculosis  at 
autops3^  No  growth  on  glycerin  potato.  Tubercle  bacilli  not 
foimd  in  sediment  smears. 

Guinea  pig  No.  105. — Blood  drawn  eighteen  days  after  infection. 
General  tubercidosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 
bacilli.  Five  c.  c.  whole  heart's  blood  in  guinea  pig  No.  105A, 
weight  280  grams;  killed  sixty-seven  days  later,  weight  500  grams; 
tubercles  in  spleen,  liver,  hmgs,  and  on  peritoneum^ 

Five  c.  c.  heart's  blood  in  citrate  solution  in  ice  chest  over  night. 
No  tubercle  bacilli  in  sediment  smears.  No  growth  fnmi  sediment 
on  glycerin  potato. 

Two.  and  five-tenths  c.  c.  sediment  into  guinea  pig  No.  105B,  weight 
280  grams;  killed  sixty-six  days  later,  weight  530  grams;  general 
tuberculosis  at  autopsy. 

Guinea  pig  No.  106. — Bloo<l  drawn  twenty-one  daj's  after  infection. 
General  tubercidosis  at  autopsy. 
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Whole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 
liafilli.  Five  c.  c.  whole  heart's  blood  into  guinea  pig  No.  106A, 
weight  280  grams;  killed  sixty-five  days  later,  weight  560  grams; 
111)  evidence  of  tuberculosis  at  autopsy. 

Five  c.  c.  blood  in  citrate  solution  in  ice  chest  over  night.  No 
tubercle  bacilli  in  sediment  smears.  No  growth  from  sediment  on 
glycerin  potato.  Two  and  five-tenths  c.  c.  sediment  in  guinea  pig 
No.  106B,  weight  240  grams;  killed  sixty-two  days  later,  weight  335 
grams;  no  evidence  of  tuberculosis  at  autopsy. 

Guinea  pig  No.  107. — Blood  drawn  twenty-one  days  after  infection. 
General  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tul)ercle 
bacilli.  Five  c.  c.  whole  heart's  blood  in  guinea  pig  No.  107A,  weight 
300  grams;  killed  sixty-three  days  later,  weight  460  grams;  no 
evidence  of  tuberculosis  at  auto])sy. 

Five  c.  c.  blood  in  citrate  solution  in  ice  chest  over  night.  No 
tubercle  bacilli  in  sediment  smears.  No  growth  from  sediment  on 
glycerin  potato.  Two  and  five-tenths  c.  c.  sediment  in  guinea  pig 
No.  107B,  weight  290  grams;  killed  sixty-three  days  later,  weight 
480  grams;  no  evidence  of  tuberculosis  at  autopsy. 

Guinea,  pig  No.  108. — Blood  drawn  twenty-five  days  after  infection. 
General  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  potato  showed  no  growth  of 
tubercle  bacilli.  Eiglit  c.  c.  whole  heart's  blood  in  guinea  pig  No. 
108A,  weight  290  grams;  killed  sixty  days  later,  weight  485  grams; 
no  evidence  of  tuberculosis  at  autopsy. 

Guinea  pig  No.  109. — Blood  drawn  twenty-five  days  after  infection. 
General  tuberculosis  at  autopsy. 

AVhole  heart's  blood  on  glycerin  potato  showed  no  growtii  of 
tubercle  bacilli.  Five  c.  c.  whole  heart's  blood  in  guinea  pig  No. 
109A,  weight  280  grams;  died  seven  days  later;  no  evidence  of 
tuberculosis  at  autopsy. 

Guinea  pig  No.  110. — Blood  drawn  tw(Mity-flvc  days  after  infection. 
General  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 
bacilli.  Five  c.  c.  whole  heart's  blood  into  guinea  ])ig  No.  IIOA, 
weight  290  grams;  killed  sixty  days  later,  weight  525  grams;  no 
evidenc(^  of  tuberculosis  at  autopsy. 

Guinea  pig  No.  111. — Blood  drawn  twenty-five  days  after  infection. 
General  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerm  potato  gave  no  growth  of  tubercle 
bacilli.  Five  c.  c.  whole  heart's  blood  into  guinea  pig  No.  lllA, 
weigiit  285  grams;  killed  sixty  days  later,  weight  540  grams;  no 
evidence  of  tuberculosis  at  autops}'. 
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Guinea  -pig  No.  112. — Blood  drawn  twenty-five  days  after  infection. 
General  tuberculosis  at  autopsy. 

Whole  heart's  blood  on  glycerin  potato  gave  no  growth  of  tubercle 
bacilli.  Eight  c.  c.  whole  heart's  blood  into  guinea  pig  No.  112A, 
weight  2S0  grams;  died  sixty  days  later,  weight  450  grams;  general 
tuberculosis  at  autopsy. 

SUMMARY  AND  DISCUSSION. 

An  examination  of  the  above  exj)oriments  shows  that  there  were 
47  cases  of  pulmonary  tuberculosis  in  which  tubercle  bacilli  were 
fomid  in  the  sputum  and  one  case  of  joint  tuberculosis  in  which  the 
bacilli  were  not  found.  From  these  48  cases  of  human  tuberculosis 
glycerin-potato  cultures,  guinea-pig  inocvdations,  and  smears  were 
made  from  thesediment  obtained  bycentrifugation;  but  in  not  a  single 
instance  were  tubercle  bacilli  demonstrated  either  by  the  examination 
of  the  smears,  cultures,  or  animal  inoculations. 

Glycerin-potato  cultures,  guinea-pig  inoculations,  and  smears  v.-ere 
made  in  3.5  of  the  48  cases  from  the  sediment  obtained  by  placing  tlic 
citrated  blood  in  the  ice  chest  for  twenty-four  hours.  In  one  instance 
(case  No.  1)  the  smears  showed  an  organism  that  had  the  morpho- 
logical and  tinctorial  appearances  of  tubercle  bacilli;  but  the  glycerin- 
potato  culture  and  guinea-pig  inoculations  were  negative.  The 
smears  made  from  the  centrifugalized  sediment  in  the  same  case 
were  negative. 

Thirty-five  of  the  48  cases  had  smears,  cidtures,  and  animal  inocu- 
lations made  from  the  sediment  obtained  both  by  the  centrifuge  and 
by  gravity  for  twenty-four  hours  in  the  ice  chest. 

In  only  a  few  instances  was  there  a  growth  in  the  fermentation 
tubes  in  seventy-two  hours,  showing  that  by  care  in  the  collection 
and  handling  of  the  blood  contamination  may  be  avoided  in  tiic 
great  majority  of  cases. 

If  tubercles  bacilli  had  been  present  in  sufficient  numbers  in  the 
blood  to  be  detected  in  smears,  it  would  certainly  seem  that  they 
should  have  been  found  in  more  than  one  instance  in  this  series  of  4s 
cases,  in  47  of  which  tubercle  bacilli  had  been  found  in  the  sputum. 
In  most  cases  2.5  c.  c.  of  the  sediment,  either  obtained  by  the  cen- 
trifuge or  by  gravity,  or  both,  were  inoculated  into  guinea  pigs,  and 
this  amount  was  many  times  the  amount  used  to  make  the  smears, 
yet  all  the  animals  inoculated  were  negative. 

The  glycerin-])otato  cultures  were  also  uniformly  negative.  That 
the  failure  to  find  tubercle  bacilli  in  the  blood  from  these  cases  by 
animal  inoculation,  even  when  not  found  in  smears,  was  not  due  to 
a  bactericidal  action  of  the  serum  is  negatived  by  case  No.  38  and 
l)y  the  experiments  with  the  blood  of  rabbits  ex])erimentally  infected. 
To  a  portion  of  the  citrated  blood  from  case  No.  38  a  very  small 
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amount  of  an  emulsion  of  tubercle  bacilli  was  added;  tubercle  bacilli 
were  demonstrated  by  smears,  culture,  and  guinea-pig  inoculations, 
showing  that  the  bactericidal  action,  if  any,  was  very  slight. 

The  smears  in  every  instance  were  carefully  examined  by  two  and 
a  portion  of  them  by  three  different  observers.  I  am  satisfied  that 
if  acid-fast  bacilli  had  been  present  they  would  not  have  escaped 
detection. 

The  blood  from  S  rabbits  experimentally  infected  was  examined 
for  tubercle  liacilli.  The  blood  from  7  of  the  8  was  examined  by 
glycerin-potato  cultures  and  guinea-pig  inoculations  of  the  whole 
heart's  blood  and  of  the  sediment  from  the  citrated  blood  in  the  ice 
chest  for  twenty-four  hours.  The  blood  from  one  rabbit  (No.  1) 
was  examined  only  by  injection  of  5  c.c.  into  a  guinea  pig. 

Smears  were  made  from  the  sediment  of  the  citrated  blood  in  the 
ice  chest  of  7  of  the  rabbits.  As  the  blood  of  a  number  of  the  rab- 
bits was  proved  by  cultures  and  guinea-pig  inoculations  to  contain 
tubercle  bacilli,  an  unusually  thorough  search  was  made  for  acid- 
fast  bacilli  in  the  sediment  smears  of  these  cases.  Two  smears  were 
made  from  the  blood  of  each  rabbit.  The  smears  were  examined  by 
three  trained  laboratory  men,  but  not  in  a  single  instance  were 
tubercle  bacilli  found,  though  the  blood  contained  tubercle  bacilli 
in  sulllcient  numbers  to  grow  on  potato  and  to  infect  guinea  pigs. 

Six  of  the  8  rabbits  showed  naked-eye  aj)p('arances  of  tuberculosis 
at  tlie  autopsy  made  after  the  blood  was  taken.  The  blood  of  1  of 
th(^  2  remaining  was  iiil'e('tive,  even  (hough  there  were  no  naked-eye 
lesions  of  tubercidosis. 

Tubercle  bacilli  grew  on  the  glycerin  potato  in  :i  of  the  6  cases, 
both  from  the  whole  heart's  blood  and  from  the  citrated  sediment. 
The  blood  was  infective  for  guinea  ])igs  by  both  methods  in  I  of  llu' 
f),  yet  tubercle  bacilli  could  not  be  found  in  tiie  smears. 

These  results  with  the  blood  of  rabbits  are  strongly  against  the 
idea  that  the  blood  serum  of  individuals  with  tuberculosis  has  a  bac- 
teriolytic, power  sullicient  to  lessen  or  destroy  tlu^  virulence  of  tubercle 
bacilli  in  the  blood  stream  so  that,  while  they  may  be  found  in 
smears,  they  will  not  grow  on  cultures  or  infect  animals. 

The  blood  from  only  one  guinea  pig  (No.  105)  ex|)erimentaily 
infected  was  found  to  contain  tubercle  bacilli  by  inocidation  into 
fresh  animals.  The  blood  from  all  IIk^  otiiers  wns  negative,  botii 
culturally  and  by  inoculation.  No  tubercle  bacilli  weio  found  in  the 
smears  made  from  the  citinled  blood  of  No.  I  Of)  in  the  ice  chest  over 
night,  though  it  was  infect i\r  I'ih-  I  lie  i'lr^h  .■mini.'il. 

It  is  of  interest  tonotclliiil  tlir  hlnnij  of  imly  I  guinea  jiig  out  of 
13  contained  tid)efcle  biuilli,  wliilr  llnil  of  7  out  of  S  rabbits  experi- 
mentally inl'ectcd  coiilnincil  I  licin  in  .sullicient  luunbei's  to  he  denioii- 
struteil  eithcf  cultunilh-  oi-  b\'  inoculiit  ion. 
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There  are  several  interesting  points  that  come  out  of  the  above 
results.  The  first  k  that  acid-fast  bacilU  were  found  only  once  in 
smears  made  from  the  blood  of  the  48  cases  of  human  tuberculosis, 
although  the  bacilli  had  been  demonstrated  in  the  sputum  of  47  of 
them.  In  the  one  case  (case  No.  1)  acid-fast  bacilh  were  not  found 
in  the  centrifugahzed  sediment,  but  were  found  in  the  sediment  of  the 
citrated  blood  that  had  remained  in  the  ice  chest  over  night. 

The  cjuestion  is,  Were  these  acid-fast  bacilli  tubercle  bacilh  ?  If  so, 
why  did  they  not  grow  on  cultures  and  infect  guinea  pigs?  I  must 
confess  that  I  am  unable  to  answer  these  questions,  but  am  inchned 
to  the  opinion  that  they  were  not  tubercle  bacilh  for  the  folIo\\dng 
reasons :  The  acid-fast  bacilli  were  present  in  the  smears  in  such  num- 
bers as  to  be  seen  in  practicalh*  every  field;  they  were  most  frequently 
seen  in  clumps  consisting  of  3  to  30  or  more  bacilli ;  most  of  the  indi- 
vidual bacilh  were  shorter  than  the  usual  type  of  human  tubercle  bacilli. 
Now,  the  smear  was  made  from  one  large  drop  of  the  citrated  sedi- 
ment and  fiom  the  numbers  seen  in  the  portion  of  the  shde  examined 
there  must  have  been  many  hundreds  of  bacilli  in  each  drop  of  the 
sediment.  Five  drops  of  the  same  sediment  were  planted  on  glycerin 
potato,  but  no  growth  resulted,  and  2. .'5  c.  c.  of  the  same  sediment  was 
inoculated  into  a  guinea  pig  (guinea  pig  No.  2),  but  with  negative 
results  for  tuberculosis.  These  amounts  were  many  times  that  used 
to  make  the  smear  and,  of  course,  must  have  contained  a  great  many 
more  bacilli;  but  tubercle  bacilli  were  not  demonstrated  by  cultures 
or  animal  inoculation. 

As  mentioned  before,  tiie  acid-fast  bacilli  were  not  found  in  the 
smears  made  from  the  centrifugahzed  sediment.  The  case  from  wliich 
the  blood  was  taken  was  in  a  very  early  stage  and  was  improving  at 
the  time  the  blood  was  taken;  had  no  fever,  no  night  sweats,  very 
sUght  cough,  and  was  gaining  in  weight,  but  still  had  bacilh  in  the 
sputum  at  that  time. 

His  occupation  being  tliat  of  a  stableman,  and  being  emploj^ed  as 
such  at  the  time  the  blood  was  taken,  might  suggest  a  possible  con- 
tamination of  the  blood  with  an  acid-fast  grass  or  hay  bacillus  on  the 
skin,  which  developed  in  the  citrated  blood  in  the  ice  chest  over  night 
and  was  found  in  the  smears  made  from  the  sediment.  Tliis  possi- 
bility emphasizes  the  great  care  necessary  to  avoid  the  entrance  of 
acid-fast  bacilli  from  any  source,  sucii  as  the  skin,  air,  water,  and  cil  rate 
of  soda,  etc.,  into  the  blood  when  it  is  drawn,  and  is,  porlia|)s,  in  har- 
mon}'  with  the  latter  ])art  of  Bergeron's  conclusions. 

The  second  |)oint  is,  that  in  my  hands  the  finding  of  t  ubercle  bacilli 
in  smears  made  from  the  blood  of  known  cases  of  tuberculosis  on  ac- 
count of  almost  uniformly  Jiegative  I'esults  seem  to  bo  of  little  value  as 
an  aid  in  tli(>  diagnosis  of  tuberculosis.  These  negative  results  could 
not  have  been  due  to  I  he  t  ul)c'r<lc  l):i(illi  Ixnug  overlooked,  fur  ;dl  (lie 
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smears  were  examined  by  at  least  two  observers  and  a  part  of  them  by 
I  luce,  and,  moreover,  cultures  and  animal  inoculations  were  negative. 

The  tliird  point  brought  out  by  the  experiments  is  that  tubercle' 
liM  illi  were  demonstrated  in  the  blood  of  7  of  the  8  rabbits  experi- 
iiKiitally  infected.  In  3  of  the  7  they  were  found  both  by  cultures 
:iii(l  by  animal  inoculations.  From  this  it  would  seem  that 
when  rabbits  are  infected  by  subcutaneous  inoculation  of  tubercle 
1)1 1  (illi  the  latter  are  found  in  the  circulating  blood  in  a  large  propor- 
lioii  of  the  cases,  but  not  in  sufficient  numbers  to  be  detected  in 
Miiears.  It  is  of  especial  interest  to  note  that  the  blood  of  a  rabbit 
{Ku.  1 ),  wliich  at  the  autopsy  did  not  present  any  naked-eye  evidences 
of  tuberculosis,  was  infective  for  a  guinea  pig. 

Tubercle  bacilli  were  found  in  the  blood  of  only  1  guinea  pig 
experimentally  infected.  It  seems,  therefore,  that  whereas  tubercle 
bacilli  are  frequently  found  in  the  blood  of  tubercular  rabbits,  it  is 
unusual  to  find  them  in  the  blood  of  tubercular  guinea  pigs  and  humans 
in  numbers  or  virulence  sufficient  to  infect  fresh  animals. 

The  culture  of  tubercle  bacilh  from  the  blood  of  the  experimentally 
infected  rabbits  is  one  of  the  few,  if  not  the  first,  recorded  instances  in 
wliicli  tubercle  bacilli  have  been  grown  from  the  blood  of  tubercular 
animals. 


II.  THE  VIABILITY  OF  THE  TUBERCLE  BACILLUS. 


By  M.  J.  RosENAU, 

(■tor  Hygienic  Laboratory,  United  Stales  Public  Health  and  Marine-Hospital  Service, 
Washington,  D.  C 


Practically  all  observers  agree  with  Koch  that  human  sputum  is 
the  main  source  of  human  tuberculosis.  Wliether  the  tubercle 
bacillus  is  usually  transferred  directly  or  indirectly,  in  moist  or  in 
dry  state,  by  inhalation  or  ingestion,  are  questions  still  at  issue. 

The  viability  of  the  tubercle  bacillus,  therefore,  assumes  a  special 
significance  in  aiding  the  solution  of  problems  concerning  the  channels 
of  infection  and  methods  of  transmission  of  this  disease.  Further,  a 
correct  understanding  of  the  vitality  of  the  tubercle  bacillus  is  of 
first  importance  in  carrying  out  many  of  our  prophylactic  measures. 

No  one  questions  that  many  of  the  tubercle  bacilli  are  still  alive 
and  virulent  in  the  droplets  that  are  sprayed  from  the  mouths  of 
consumptive  persons.  Likewise  many  of  the  bacilli  must  be  fresh 
and  active  when  deposited  by  consumptives  upon  drinking  cups, 
spoons,  towels,  or  other  articles  mouthed  by  well  persons  shortly  after- 
wards and  without  intervening  cleansing.  Whether  the  bacilli  remain 
alive  and  virulent  in  dried  and  pulverized  sputum  in  sufficient  num- 
bers to  frecpiently  form  a  dangerous  part  of  the  dust  of  rooms  and 
streets  is  a  f[uestion  still  open  for  solution. 

Two  principal  destructive  agencies  act  on  the  tubercle  bacillus  in 
sputum  expectorated  on  streets  and  out-of-door  places:  (1)  Desic- 
cation and  (2)  the  action  of  light.  The  bacillus  also  has  to  contend 
with  other  destructive  agencies,  such  as  the  putrefactive  and  other 
organisms  in  the  sputum  or  gaining  access  to  it. 

THE  TUBERCLE  BACILLUS  AND  ITS  SUPPOSED  SPORE. 

Koch  at  first  believed  that  the  tubercle  bacillus  contained  spores. 
He  was  led  into  this  error  by  tlie  beaded  appearance  of  tlic  rod.  We 
now  know  that  the  tubercle  bacillus  does  not  possess  an  endogenous 
spore,  such  as  that  of  the  antlirax  bacillus,  the  tetanus  bacillus,  or 

the  hay  bacillus. 

(25) 
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Two  circumstances  led  early  investigators  into  wrong  conclusions 
as  to  the  viabiLitj'^  of  the  tubercle  bacillus.  One  was  tliis  belief  tliat 
the  organism  contained  si^ores.  The  other  was  ignorance  of  the  role 
played  by  dead  tubercle  bacilli.  Some  of  the  earlier  workers  spent 
much  time  in  tr3'ing  to  differentiate  the  resistance  of  the  tubercle 
bacillus  with  and  without  spores.  These  earher  results  are  still 
quoted,  without  cjuahfication,  in  many  of  the  recent  text-books  and 
WTitings  upon  the  subject.  The  notion  that  the  tubercle  bacillus 
has  a  spore  is  not  altogether  dead  and  has  created  an  exaggerated 
idea  of  its  hardiness  ami  resistance. 

THE  TUBERCLE  BACILLUS  AND  ITS  WAXY  SUBSTANCe! 

It  was  soon  found  tluit  althougli  the  tubercle  ])acillus  does  not  have  a 
true  spore,  it  contains  an  unusualh' large  quantity  of  waxj' substance 
fats  and  fatty  acid.°  It  is  supposed  that  these  fatty  substances  sur- 
r6und  the  rod,  thus  affording  it  a  protecting  covering.  This  en- 
velope is  supposed  to  hinder  drying  and  also  to  protect  the  bacillus 
against  the  direct  injurious  influences  of  various  external  agencies. 

The  presence  of  the  unusual  amount  of  fatty  and  waxy  substances 
led  to  a  revision  of  our  views  upon  the  subject  of  the  viabilit}'  of  tlu' 
bacillus  by  placing  it  in  an  isolated  and  intermediate  jjosition  between 
the  spore-bearing  and  the  nonspore-bearing  rods.  As  to  just  ho\\ 
far  this  view  is  justified  will  be  discussed  subsequently. 

ACID-FAST  PROPERTY. 

The  dilliculty  with  whicli  the  tubercle  bacillus  takes  the  basic  ani- 
line dyes  and  the  great  tenacity  with  which  it  holds  them  are  note- 
worthy. True  spores  also  stain  with  difficulty  and  resist  the  decolor- 
izing action  of  acids.  The  analogy  between  the  staining  and  decolor- 
izing property  of  spores  and  the  tubercle  bacillus  is  not  infrequently 
mentioned  in  the  literature  as  indicating  far  greater  resistance  on  the 
part  of  the  tubercle  bacillus  to  heat,  dr3mess,  putrefaction,  chemicals, 
etc.,  than  is  the  case  with  the  great  run  of  nonspore-bearing  organ- 
isms. Except  for  the  analogy,  there  is  no  indication  that  there  is  a 
definite  relation  between  the  viability  of  an  organism  and  the  ease  or 
difficulty  witii  which  it  stains  and  decolorizes.  In  fact,  some  protozoa, 
certain  spiroc'hetes,  and  otlier  frail  micro-organisms  stain  with  more  or 
less  difficulty  or  require  special  technique. 

"  Twenty-six  and  two-tenths  per  cent  according  to  Hammerschlag;  22  per  cent, 
Klebs;  37  per  cent,  de  Schweinitz  and  Dorset;  20  to  25  per  cent,  Koch  and  Aronson; 
from  8  and  10  to  25  and  20  per  cent,  Kuppel,  expressed  in  terms  of  alcohol-ether  extract. 
This  consists  of  fatty  acids  and  neutral  fat  and  a  waxy  substance.  In  contrast  to  the 
tubercle  bacillus,  other  bacteria  contain  only  1.7  to  7  and  10.1  per  cent  alcohol-ether 
extractives.  According  to  Aronson  the  tubercle  wax  is,  for  the  most  part,  not  in  the 
bacillus,  but  between  the  bacilli  as  a  product  of  secretion. 
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THE  TRUE  POSITION  OF  THE  TUBERCLE  BACILLUS. 

Some  of  the  more  recent  work  upon  the  viability  of  the  tubercle 
hacillus  indicates  that  it  has  little  if  any  greater  resistance  to  heat, 
dryness,  putrefaction,  chemicals,  sunlight,  and  other  injurious  agen- 
cies than  the  great  biilk  of  nonspore-bearing  bacteria.  Its  usual 
habitat  in  albvuivinous,  nuicoid,  or  fattj'  substances,  such  as  pus,  muco- 
pus,  necrotic  material,  milk,  etc.,  protects  it  to  a  certain  extent.  This 
protection,  however,  is  an  accident  of  its  enviromiient  rather  than  an 
inlierent  vital  property. 

We  now  know  that  60°  C.  for  twenty  minutes  is  sufficient  to  kill 
the  tubercle  bacillus  in  milk,  bouillon,  water,  and  other  fluids."  At 
one  time  it  was  believed  that  the  tubercle  bacillus  resisted  boiling 
temperatures.  Experiments  have  resulted  in  gradually  reducing  the 
accepted  thermal  death  point,  until  now  we  can  state  with  con- 
sitlerable  confidence  that  the  tubercle  bacillus  has  very  little  more  re- 
sistance than  a  number  of  other  nonspore-bearing  bacteria;  for 
instance,  the  typhoid  bacillus,  the  dysentery  bacillus,  and  the  colon 
bacillus. 

Some  writers  seem  to  consider  it  rather  remarkable  that  the 
tubercle  bacillus — an  organism  without  a  spore — should  live  several 
months  in  dust,  in  water,  on  fabrics,  in  sputum,  etc.  For  instance, 
Schill  and  Fischer  found  it  alive  one  hundred  and  eighty-six  days  in 
dried  sputum;  Toma  virulent  up  to  ten  months;  Sawizky  dead  after 
two  and  a  half  months;  Twitchell  found  it  vinilent  on  a  handkerchief 
seventy  days  but  dead  in  one  hmidred  and  ten  days;  Rickards, 
Slack,  and  Arms  found  it  vii-ulent  after  eighty-five  da^^s,  kept  dark 
and  dry;  and  Feltz  found  dried  sputum  in  a  room  virulent  up  to 
seven  and  nine  months. 

It  is  possible,  however,  to  cite  from  the  literatm-e  instances  of  other 
nonspore-bearing  organisms  living  similar  periods  of  time  under  like 
conditions.  For  instance,  observers  have  found  that  the  cholera 
spirilliun  may  five  for  one  hundred  and  fifty  to  two  hundred  days 
wlien  dried  luider  favorable  conditions.  Sirena  and  Alessi  report 
that  such  a  frail  organism  as  the  Diplococcus  pneunumise  did  not  die 
luitil  after  one  hundred  and  ninety-two  days  when  diied  on  silk 
threads  and  kept  in  a  moist  room,  and  one  hundred  and  sixty-four 
days  in  a  dry  room. 

In  some  expermients  on  the  plague  bacillus  I  found  it  to  live  over 
four  months  on  apiece  of  dry  s])onge  and  over  three  months  in  water 
under  laboratory  conditions.''     Similai'  instances  might  be  multiplied. 


o  Rosenau,  M.  J.:  The  thermal  deatli  p<jint,s  of  pathogenic  microorganisnis  in  milk. 
Hyg.  Lab.  Bull.  No.  42,  U.  S.  Public  Health  and  Mariue-IIospital  Service,  Washington, 
1908,  pp.  85.     8°. 

b  Rosenau,  M.  J.:  Viability  of  the  Bacilius  pestis.  Hyg.  Lab.  Bull.  No.  4,  U.  S. 
Marine-Hospital  Service,  \Va,shinglcin,  1901. 
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On  the  other  hand,  the  following  instances  ar(>  given  of  experi- 
menters wlio  report  a  relatively  short  vitality  for  the  tubercle  bacillus 
dried  in  sputum  not  exposed  to  direct  sunlight:  Cadeac  found  it 
dead  in  ten  days  and  sometimes  less;  Hill,  sixteen  days;  Ransom 
and  Delepine,  nineteen  days;  and  Galtier,  after  thirty  days. 

Tlie  question  at  issue  from  a  practical  standpoint  is  not  how  long 
a  few  tubercle  bacilli  may  occasionally  survive  in  dried  sputum,  but 
how  soon  they  usually  die  or  become  harmless.  In  order  to  determine 
this  point  much  more  data  will  be  required  than  are  now  available. 

All  authorities  who  have  worked  upon  the  subject  seem  agreed  that 
the  tubercle  bacillus  loses  its  virulence  before  it  finally  dies.  This  is 
also  the  case  with  other  pathogenic  nonspore-bearing  bacteria. 

It  seems  that  the  more  carefully  the  tubercle  bacillus  is  studied  tlie 

nearer  its  viability  is  seen  to  approach  that  of  other  bacteria  of  lis 

class. 

CRITERION  OF  DEATH. 

It  is  difficult  to  determine  just  when  a  microorganism  dies.  Tliis 
difficulty  is  increased  in  the  case  of  the  tubercle  bacillus.  The  rehi(  - 
tance  with  which  this  organism  grows  iipon  artificial  media  makes 
cultural  methods  totally  inapplicable;  it  is  necessary  to  resort  to 
animal  inoculations.  Here  again  we  meet  an  inmsual  difficulty,  fni 
the  dead  tubercle  bacillus  may  produce  lesions  indistinguishable  fi-oin 
those  which  are  caused  by  live  cultures. 

A  study  of  the  literature  shows  that  much  of  the  work  upon  tiie 
viability  of  the  tubercle  bacillus  has  little  value  for  lack  of  a  clear 
criterion  of  death.  Many  experiments  will  be  found  recorded  in 
which  the  tubercle  bacillus  is  exposed  to  vai'ious  influences,  such  as 
diying,  heat,  chemicals,  simlight,  putrefaction,  etc.,  and  after  a 
certain  period  of  time  the  dried  material  is  inoculated  into  rabbits 
or  guinea  pigs.  In  about  two  months  after  the  inocidation  the 
animal  is  usually  killed,  and  if  caseous  abscesses  and  other  lesions 
about  the  site  of  inocidation  are  found  and  the  tubercle  bacillus  is 
rediscovered  on  stained  smears  made  from  the  local  lesions,  the 
conclusion  is  drawn  that  the  tubercle  bacillus  is  alive,  and  the  results 
are  recorded  as  positive. 

It  is  now  well  known  that  the  dead  tubercle  bacilli  may  cause 
lesions  characterized  by  giant  cells,  caseous  necrosis,  etc.  I  have 
found  that  moderately  large  amounts  of  tubercle  cultures  surely 
killed  by  heat  (100°  for  one  hour)  may  cause  very  extensive  lesions 
when  injected  into  the  peritoneal  cavities  of  guinea  pigs.  So  closely 
do  these  lesions  sometimes  resemble  those  produced  by  the  living 
bacteria  that  unless  the  portions  of  the  spleen,  liver,  lungs,  glands, 
and  local  processes  are  inoculated  into  another  animal  it  is  not  pos- 
sible to  know  whether  we  are  dealing  with  the  effects  of  living  or  of 
dead  bacteria.     \Vlien  the  lesions  are  plainly  generalized  througii- 
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out  the  substance  of  the  liver,  spleen,  lungs,  etc.,  these  secondary 
inoculations  may  not  be  necessary. 

The  various  organs  (whether  they  contain  macroscopic  lesions  or 
not),  bits  of  tissue,  and  parts  of  lesions  should  be  ground  up  with 
salt  solution  and  the  extract  injected  into  the  peritoneal  cavity  of 
a  normal  ("secondary")  guinea  pig;  if  the  liacteria  are  alive  there 
will  develop  a  generalized  fatal  tuberculosis;  if  dead,  only  a  trifling 
slight  localized  process.  This  method  is  time  consuming  and  expen- 
sive, but  is  often  indispensable  as  a  final  test. 

It  is  well  knowai  that  tuberculin  can  not  distinguish  the  lesions 
produced  b}-  live  tubercle  bacilli  from  those  produced  by  dead  ones. 
In  a  series  of  experiments  on  this  point  1  found  that  three  out  of 
eight  guinea  pigs  with  lesions  produced  by  dead  tubercle  bacilli 
died  as  the  result  of  a  subcutaneous  injection  of  2  c.  c.  of  tuberculin 
(O.  T.)." 

AN  EXPLANATION  OF  DISCREPANCIES  IN  PUBLISHED  REPORTS. 

When  one  reads  the  literature  upon  the  subject  of  the  viability 
of  the  tubercle  bacillus  he  is  struck  first  by  the  extravagant  claims 
made  by  some  investigators  for  the  prolonged  life  and  unusual  resist- 
ance of  the  tubercle  bacillus.  There  are  also  marketl  discrepancies 
in  the  results  obtained  by  different  experimenters  with  apparently 
well-planned  and  carefully  controlled  work. 

It  seems  that  one  of  the  main  reasons  for  these  variations  is  the 
failure  to  take  note  of  the  pathogenic  power  of  the  dead  tubercle 
bacillus.  In  1884  Schill  and  Fischer  studied  the  action  of  a  tempera- 
ture of  100°  C.  upon  tuberculous  sputum.  They  reported  that  100° 
C.  of  dry  heat  did  not  surely  destroy  the  virulence  of  tuberculous 
sputum,  whether  dry  or  moist.  These  experiments  are  frequently 
quoted  to  show  that  the  tubercle  bacillus  resists  boiling  temperatures; 
but  we  now  know  that  the  thermal  death  point  of  the  tubercle  1)acil- 
lus  is  considerably  less  than  that  indicated  by  earlier  work. 

Schill  and  Fischer  also  found  that  the  bacillus  retained  life  in 
sputum  dried  one  hundred  and  forty-three  days,  but  was  not  infect- 
ive after  one  hundred  and  seventy-nine  days.  The  method  used 
consisted  in  inoculating  guinea  pigs,  but  the  authors  do  not  give  the 
details  of  the  experiments. 

In  view  of  the  fact  that  earlier  investigators  fell  into  error  concern- 
ing the  thermal  death  point  of  the  tubercle  bacillus,  it  maybe  assumed 
that  a  repetition  of  their  work  upon  the  viability  of  the  organism 
when  dried  in  sputum,  etc.,  may  cause  us  to  revise  our  views  upon 
the  subject. 

«  Rosenau,  M.  J.:  The  thermal  death  points  of  pathogenic  microorganisms  in  milk. 
Hyg.  Lab.  Bull.  No.  42,  U.  S.  Public  Health  and  Marine-Hospital  Service,  Washing- 
ton, 1908,  pp.  85.     8°. 
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According  to  the  work  of  Kitasato  most  of  the  tubon-lc  bacilli  in 
sputum,  in  cavities,  and  even  in  the  tissues,  are  dead.  Tliis  opinion 
was  based  hirgely  upon  negative  results  obtained  by  cultural  meth- 
ods. As  our  present  cultural  methods  do  not  give  trustworthy  evi- 
dence upon  the  viability  of  the  tubercle  bacillus,  further  work  upon 
the  subject  is  necessary,  especially  as  Straus  confirmed  the  inade- 
quacies of  such  methods,  particularly  in  obtaining  first  cultures  of 
tubercle  bacilli.  A  certain  acclimatization  is  necessar\''  for  their 
ready  growth  upon  artificial  media.  It  is  true  that  Kitasato  claims 
to  have  seen,  in  some  cases,  inoculation  into  guinea  pigs  fail,  but 
Straus  and  Park  have  made  analogous  experiments  with  opposite; 
results. 

THE  SHORT  LIFE  OF  CULTURES  CONTRASTED  WITH  THE  LONG  LIFE 
UNDER  UNFAVORABLE  CONDITIONS. 

The  comparatively'  short  life  of  jiure  cultiu'es  of  the  tubercle  bacillus 
imder  most  favorable  conditions  contrasts  strangely  with  the  long 
life  claimed  for  the  organism  imder  unfavorable  conditions.  It  ap- 
pears that  the  life  of  the  tubercle  bacillus  in  cultures  is  shorter  the 
more  lapid  and  more  luxuriant  the  growth. 

Cornet  states  that  serum  cultures  remain  alive  about  six  months; 
glycerin-agar  cultures  are  often  partially  or  wholly  dead  in  six  to 
eight  weeks.  It  appears  that  cultures  of  avian  tubercle  retain  their 
vegetability  and  i)athogenic  power  much  longer;  according  to  ilaflfucci, 
even  two  years.  Straus  states  that  cultures  of  human  tubercle  arc 
only  exceptionally  capable  of  reproduction  after  five  to  six  months: 
after  eight  to  twelve  months  they  fail  regularly.  The  vii'ulence  of  the 
cultures  likewise  diminishes  with  age.  According  to  Theobald  Smitli, 
tubercle  cultures  are  usuallv  dead  after  three  months. 

THE  THERMAL  DEATH  POINT. 

In  a  recent  ])ublication"  I  reported  the  results  of  my  experiments 
upon  tiie  thermal  death  points  of  pathogenic  micro-organisms  in  nrilk. 
Nine  experiments  were  matle  with  five  dilTerent  cultures  of  the  bovine 
tubercle  bacillus.  The  conclusion  was  drawn  that  the  tubercle  bacil- 
lus in  milk  loses  its  infective  properties  for  guinea  pigs  when  heated  to 
60°  C.  and  maintained  at  tliat  temperature  for  twenty  minutes,  or 
to  65°  C.  for  a  much  sliorter  time. 

It  should  be  remembered  that  the  milk  in  these  tests  was  very 
heavily  infected  with  vii'ulent  cultures,  as  indicated  b}^  the  prompt 
death  of  the  control  animals.  Milk  would  ])ractically  never  contain 
such  an  enormous  amount  of  infection  imder  natural  conditions.     It 


«Hyg.  Lai).  Bull.  No.  42,  U.  S.  Public  Health  and  Marine-Hospital  Service.  A 
complete  review  of  the  literature  upon  the  subject  will  be  found  upon  pp.  34-47  of  the 
above  publication. 
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is  justifiable  to  assume  that  if  60°  C.  for  twenty  minutes  is  sufficient 
to  destroy  the  infectiveness  of  such  milk  when  injected  into  the  peri- 
toneal cavity  of  a  guinea  pig,  any  ordinary  market  milk  after  su''h 
treatment  would  be  quite  safe  for  human  use  by  the  mouth  so  far  as 
tubercle  bacilli  are  concei'ned. 

It  is  difficult,  if  not  impossible,  to  sununarize  the  work  of  others 
upon  the  thermal  death  point  of  the  tubercle  bacillus.  The  follow- 
ing table  necessarily  leaves  out  many  factors : 

Showing  the  thermal  death  point  of  the  tubercle  bacillus  as  found  by  various  inrcsligators. 


Not  killed  at- 


Martin,1882 

May,  1883 By  cooking 

Sormani,  1884 Boiling,  5  minutes 

Schill  and  Fisher,  1884 ' 

Voelsch,  1887 

i(CO°,  10  minutes  (—spores). . 

■■• \60°,  10  minutes  (+  spores). 

68°,  20  minutes. 


ersin,  1888. 
Bitter,  1890. . 


iTn", 


Bang,  1891. 


.  (enfeebles) 

( sometimes  enfeebles) . 
kills) 


Bonhoff,  1892... 

G rancher    and 

bard,  1892.... 


DeMan,  1893... 
Schroeder,  1894.. 


Woodhead,  1895. 


Morgenroth,  1900 

Kobrak,  1900 

Beck,  1900 

Galtier,  1900 

Russell  and  Hastings,  1900. . . 

Herr,  1901 

Hesse,  1901 

Levy  and  Bruns,  1901 

Barthel  and  Stenstrom,1901., 

Bang,  1902 

Tjaden,  1903 

Rullmann,  1903 

Barthcl  and  Stenstrom,  1904.. 
Ru.ssell  and  Hastings,  1904. . . 

Zelenski,  1906 

Rosenau,  1907 


."i  niiniitfs  (attenuates). 

1  minute  (kills) 

6  hours 

momentary 

4  hours 

1  hour 

15  minutes 

15  hours , 

8  hours 

45  minutes 

45  minutes 

25  minutes 

20  minutes 

15  to  20  minutes 

3  hours 

4  hours 

,  3  hours 


90°  for  10  minutes. 

100°. 

100°,  boiling  twice. 


50°,  60  minutes. 

(65°,  3  hours. 
|C0°,  45  minutes. 

,  momentary. 

,  45  minutes. 


WiO" 


,  20  minutes. 
,  15  minutes. 
,  20  minutes. 
,  15  minutes. 


\W  (results  contradictory). 


60°,  10  minutes. 


,  10  minutes. 
1°,  momentary. 


80°,  5  seconds. 


,  1  to  2  minutes 

,  .30  minutes 60°, 

,  1  minute  (uncoagulated) |  80°. 

,  1  minute 


20  minutes. 

1  minute  (coagulated). 


76°,  20  minutes. 


60°,  20  minutes. 


The  above  tal>ular  statement  shows  that  my  results  agree  with  the 
woi'k  of  Yersin,  Bonhoff,  Schroeder,  Th.  Smith,  Russell  and  Hastings, 
and  Hesse  in  that  60°  C.  for  twenty  minutes  and  less  is  sufficient  to 
kill  the  tubercle  bacillus. 

T  am  now  conducting  a  further  .series  of  experiments  ui)on  the 
thermal  death  point  of  the  tubercle  l)acillus  in  butter  and  milk,  nat- 
urally and  artificially  infected,  and  while  this  work  i.s  not  yet  com- 
pleted, the  indications  again  are  that  60°  C.  for  twenty  minutes  is 
(luite  sufficient  to  kill  the  organism  under  these  conditions. 
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VIABILITY  IN  DRIED  SPUTUM. 

There  seems  to  be  a  general  agreement  that  the  tubercle  bacillus 
may  remain  alive  and  virulent  in  dried  sputum  for  several  montlis. 
Stone's  unusual  figure  of  three  years  does  not  stand  the  light  of  criti- 
cism. The  main  point  established,  however,  is  that  the  tubercle 
bacillus  may  survive  in  sputum  after  it  dries  and  is  reduced  to  dust, 
so  that  its  inhalation  maybe  a  tlanger — howmuchof  a  danger  depends 
upon  other  (luestions  not  yet  solved. 

It  is  well  known  that  when  nonspore-bearmg  bacteria  are  dried  ail 
but  a  few  soon  perish;  but  tliese  few  sometimes  survive  for  unusually 
long  periods  of  time.  This  rule  probably  holds  in  the  case  of  the 
tubercle  bacillus,  but  unfortunately  we  have  no  quantitative  method 
of  determining  the  number  of  tubercle  bacilli  remaining  alive.  The 
survival  of  a  few  bacilli  which  are  virulent  for  experimental  animals 
when  injected  in  enormous  quantities  (as  is  usually  done  in  laboratory 
work)  would  not  necessarily  mean  that  human  beings  are  in  very 
great  danger  from  such  material  under  natural  conditions. 

The  following  is  a  tabular  abstract  of  the  literature  upon  the  via- 
bility of  the  tubercle  bacillus  dried  in  sputum: 

Dried  tuberculous  sputum  under  different  conditions. 


Author. 

Conditions. 

Not  killed. 

Killed. 

Villamin,  1869 

Several  hours . 

8  weeks 

12  days 

126  days 

186  days 

Koch,  1882...             .     . 

Mala.s.sez  and  Vignal,  1883 

Schill  and  Fischer,  1881 

Alternate  drying  and  moistening  eight 
times  of  tuberculous  sputum. 

Sputum  containing  tubercle  bacilli  with 
"spores"  dried  on  glass  plates. 

179  days. 

10  months. 

2  months 

6  months 

43  days 

76  days 

80  days 

150  days 

Cad4ac  and  Malet,  1888 

Same,  on  linen 

Pieces  dried  tuberculous  lung  on  paper 

exposed  in  laboratory. 
Dried  tuberculous  lung  allowed  to  de- 

compo.se  in  outer  air. 

creases  after 

2  months. 
Virulence    losi 

at  end   of  4 

months. 
102  days. 

.do 

After  150  days. 

Dried  walls  of  CLivities  insufflated;  caused 

tubcrriil.i  1-^  ill    IJ  (if  14  guinea  pigs; 

time  o!   li    iM:  11  i>i    iiiied. 
Dried  iiii.c  ■.  nini     maierial"  exposed 

to  air  :ilrl   lljlil     il     III'  c. 

38  days 

30  days 

Over  7  months 

About  140  days 
7to9months.. 
2i  months 

3  years 

19  days 

Do. 

])ripil  iiilii'ti  iiloiiN  Npiilum  in  road  dust, 
(•N|Kjsci|  h,  wpatlicr. 

Ini.'il  .s|)iiiiHii  in  nniins 

TiilHiriiliMis  s|iiiiii]ii  dried  under  ordi- 

niirv  ciiuililioiis  (if  living  rooms. 
Dlii'ii  IlllKTrulous -.putum 

Stone,  1891 

Ransomeand  Uelcpine,  1894.. 

Tul)Orfulous  spill uni  exposed  in  watch 
glasses  to: 

(a)  .\ir  and  light  4  days,  then  15  days 
in  the  dark. 

(b)  .\ir  and  darlcness  8  days,  then  11 
days  in  darltness. 

(c)  Close  cupboard  19  days 

19  days 
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Dried  liilxiriiloiix  spiiliiiii  uiiihr  iliffcrriil  rondit'tons—i'unUimeC. 


Sorinani.  1900 

Kickards,  Slack,  an<l  Ar 
UI08. 


Tuberculous  sputum  exposed  on  ghiss 
rods  in  drying  box  lo  diHused  daylij;lil 
and  slow  diJTusion  of  air. 
(Tiibercidous  sputum  spread  on  glass,  ex- 
\    posed  lo  air  and  light. 
Tuberculous  sputum  in  thick  layers  dried 

on  marble  slab. 
Tuberculous  spuiuni 


In  parallined  bottles  in  dark  moist 

box. 

In  parairuieil  bottles  in  dark  closet 

In  paradined  bottles  in  diffused  light 
In  parallined  bottle.sin  thennostat. . , 
Cotton   sloppered   Ijottle-,  in  dark 

moist  box. 
Cotton  sloppered   bottles,  in   dark 

closet . 

On  ice 

On  handkerchief 

On  towel 

On  cari)et 

In  sand,  in  moist  light  place 

In  sand,  in  dry  light  place 

In  open  bot  ties,  out  doors,  winter  . . . 

Dried  tuberculous  excretion  at  SS'^C 

Dried  tuberculous  sputum  in  tenement 
house: 
(a)  Sunlight  and  dry 


(h)  DitTiised  light  and  dry 

('•)  Dark  and  dry 

(d)  Dark  and  damp  basement . 


THE  EFFECT  OF   SUNLIGHT. 

Koch's  dictum  that  direct  sunlifrlit  kill.s  tlic  tubercle  bacilhis  within 
a  few  minutes  to  several  hours  has  been  confirmed  by  all  workers 
except  Feltz.  The  time  recjuired  depemls  upon  the  brightness  of  the 
ray,  the  time  of  the  year,  the  latitude,  the  temperature,  the  thick- 
ness and  opacity  of  the  layers,  the  iiiediuin  in  which  the  bacilli  are 
embedded,  and  other  conditions. 

This  action  of  light  corresponds  to  the  well-known  germicidal  power 
of  the  ultra  violet  rays  of  the  spectrum  upon  other  nons{)ore-beariiig 
bacteria,  and  must  play  an  iin|)ortant  role  in  diminishing  the  danger 
from  tuberculous  sputum  and  dust  out  of  doors  and  in  sunny  rooms. 
79.S7~I'.iill.  .37—09 .3 
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The  following  table  jjives  the  data  in  l)riei'  tipon  the  subject: 
Effect  of  direct  sunlight  upon  the  tubercle  bacillus. 


Author. 


Koch,  1S90 

Teltz,  1S90 

Ransome  and  Pelepine,  1894. 
Migneco.  189.5 


Mitchell  and  Croiieh,  1900. . . 

Joiisset,  1900 

Annett,  1903 

Cad&c,  1905 

Twitchell,  1905 

Di  Donna,  1^7 

Koch,  1890 

Kansome  and  Delepine.  1894 


Tubercle  bacilli. 


Tuberculous  sputum  in  road  dust  exposed 

to  sun. 
Pure  culture  dried  on  paper  in  thin  lay- 


Tuberculous  sputinn  ou: 

Sand 

Stone 


Tuberculous  sputum,  exposed  to  dust 
and  sunlight. 

Dried  muco-purulent  sputum  In  small 
masses  about  size  of  one  expectoration. 

Tuberculous  sputvmi  on  a  board 

Tuberculous  sputum  on  glass  plates  ex- 
posed to  artificial  light. 

Tuberculous  sputum  exposed  to  direct 
sun  rays. 

Pure  cultures 

Cultures  of  tubercle  bacilli  exposed  to 
dispersed  daylight  near  window. 

Pure  culturers  dried  on  paper  in  thin  lay- 
ers, exposed  to  air  and  light. 

Same  exposed  to  sunlight 


About 
days. 

140 

2  hours  5 

niin- 

24  hours  (local- 
ized tuber- 
culosis). 

.35  hours:  viru- 
lence dimin- 
ished after 
20  hours. 


24  hours. 

1  hour 

f>  days  . . . 


Few  minute, 
to  several 
hours. 


24  to  30  hours; 
virulence  di- 
minishes in 
10  to  15  hours. 


4  hours. 
48  hours. 


i  days. 
12J  hours. 


THE  TUBERCLE  BACILLUS  IN  WATER. 

The  tubercle  bacillus  may  probably  hve  and  remain  virulent  in 
water  for  several  months.  We  have  indications  of  this  in  the  work 
<5f  Straus  and  Dubarry,  1899;  Muschold,  1900;  Galtier,  1889:  Chaii- 
temesse  and  Widal,  1888;  and  Cadeac  and  Malet,  1888. 

Since  the  danger  of  ingesting  the  tubercle  bacillus  is  now  well 
icstablished,  its  presence  in  drinking  water  assumes  a  special  si.<:- 
nificance.  Tuberculous  cattle,  as  well  as  tuberculous  individuals, 
discharge  large  numbers  of  tubercle  bacilli  in  their  dejecta.  Sewaui 
polluted  water  used  for  drinking  purposes  may,  therefore,  harbor 
dangers  other  than  the  intestinal  order  of  diseases,  such  as  typhoid, 
cholera,  etc.  Dixon  found  acid-fast  organisms  morphologicall.y  re- 
sembling the  tubercle  bacillus  in  the  sew^age  from  hospitals  in 
Philadelphia.  Sedgwick  and  MacNutt,"  1908,  have  examined  the 
theorem  first  enunciated  by  Hiram  F.  Mills  and  others,  but  first 
definitely    formulated    and    published    by   Allen   Hazen,    that    "for 


a  Swlgwick,  W.  T.,  and  MacNutt,   Scott:  Typhoid  fever  and  the  purification  of 
public  water  suppliop.     Science,  vol.  27,  Aug.  1-1,  1908,  p.  215. 
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every  deatli  I'loiii  typhoid  fever  avoideil  by  the  purification  of  pubhc 
water  sup])Ues  two  or  three  deaths  are  avoided  from  other  causes." 
Sedgwick  ami  MacXutt  studied  the  influence  of  the  purification  of 
polluted  water  supplies  in  Lowell  and  Lawrence,  Mass.,  compared 
with  siniihir  data  for  Manchester,  N.  II.  The  theorem  was  proved 
true  not  only  for  the  citic's  mentioned,  but  also  for  certain  other  cities, 
including  Hamburg,  Germany.  Among  the  causes  other  than 
typhoid  lever  for  which  the  death  rates  are  diminished  i)ulmonary 
tuberculosis,  i)neumonia,  and  infant  mortality  are  ]irominent.  The 
occurrence  and  the  viability  of  the  tubercle  bacillus  in  water,  there- 
fore, becomes  a  fertile  field  for  reseai'ch. 

The  following  is  a  brief  abstract  of  the  work  done  to  date  u])i>n  the 
subject : 

Tubercle  bacillus  in  jcatcr,  pul.rcfuciioH  and  viisceUuneous. 


Author. 

CoiKlilioiis. 

Not  killed. 

Killed. 

.Siirniani,  1880 

Tubercle  bacillus  in  walor 

Tubercle  cultures  in  water  of  the  river 
Ourcq: 

.\t20''C 

.A.t38°C 

At  3.5°  C... 

12  months  at- 
lenualcd. 

27  days 

9.>  daVs 

30  days 

21  days........ 

115  days 

2.5  days 

Straus  and  Dubarry.  1899 

Tubercle  cultures  in  distilled  water: 

At30°C 

At28°('     . 

Tuberculous  spleen  in  water,  3°  to  8°  C. . 
Tuberculous  products  of  pigs  and  cows 

in  runnini;  and  stagnant  water;  17°, 

13°,  0°  V. 
Tuberculous  products  of  cow  in  running 

«  ulcr;  ',''  to  10°  e. 
Tiii'iMulous  sputum  in  water,  sewage. 

.\|iisc-liol<].  VM) -   - 

14  days 

2  months 

A  number  of 
months. 

(i  months 

77  days 

124  days 

1.59  days 

107  days 

2.5  days 

Todays 

120  days 

10  daj-s 

3  months 

. 

Fragment  of  lulx'rculous  linig  in  running 
rt'alcr. 

liccr   ..[   inli.-.rnlull      |',,.|-    I.I    l.nul  Of  WB" 
ll'-i  '■  1 1...,ri|l'i.        in          n    '     nvl  of  Wa- 

Tuliciv 1  II       -III! i  witb  water, 

expoy-l  1-     1, 

Tulierciil.  1       '    r      I.I  i.cd  in  cadavers  of 
hog.s  ;m''I  I  iirini 

TulwrculoMssiiuluni,  kept  fluid  in  well- 
corked  bottle. 

Dust  from  papers  and   books  infected 
Willi    fine  spray  containing   tubercle 

lilH.llli. 

Results    nega- 
tive after  167 
days. 

150  days. 
07  days. 

Ilancc,  189S 

Sdavs 

1  ImiIi  lihers containing  tubercle  bacilli... 

siriri  dust  containing  tubercle  bacilli 

Portions  of  exhumed  human  bodies 

Petri,  1890 

3  months 

Several  years.  - 
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We  have  no  easy  metliod  oi'  (It'teiiiiiiiing  the  death  of  tlie  tuhercic 
bacillus;  its  virulence  fades  before  it  dies.  The  criterion  of  death 
depends  upon  animal  experimentation. 

The  tubercle  bacillus  may  be  classed  witli  the  nonspore-l)earin<.' 
organisms  so  far  as  its  viability  is  concerned. 

It  is  doubtful  whether  the  \vax_v  .substance  jjrotects  tlic  liiuillu^ 
against  external  harmful  influences  to  any  unusual  extent. 

The  thermal  death  point  is  60°  C.  for  twenty  minutes.  Tiiis  is 
much  less  than  was  once  considered. 

Further  work  upon  the  viability  of  the  drietl  tubercle  bacillus  in 
dust,  sputum,  etc.,  nuiy  change  our  views  as  to  its  liiirdiness  and 
danger  under  these  conditions. 

The  comjjarative  short  life  upon  artificial  cultLUc  media  c(jntrasts 
strangely  with  tlic  long  life  claimed  for  it  lUKh'r  unfavorable  condi- 
tions. 

Failure  to  recognize  tlie  lesions  proiluced  by  the  dead  tubercle 
bacillus  is  responsible  for  some  of  the  false  conclusions  reached  by 
experimenters  upon  this  subject. 

In  all  cases  where  the  lesions  in  the  test  animal  are  doubtful,  inoc- 
ulations into  secondary  animals  are  necessary  to  determine  whether 
we  are  dealing  with  living  or  dead  tubercle  bacilli. 
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ilans  la  contagion  de  la  1  uberculose,  et  sur  la  dur^e  de  la  virulence  de  ces  pous- 

sicres."     The.se  pour  le  doctoral  en  medecine,  Faculte  de  Modecine  de  Nancy, 

December  26,  1890.     l)is,serta.de  la  Fac.  mM.  de  Nancy,  Vol.  XXXI,  ])p.  314-;i24, 

1890-91. 


HYGIENIC  LABORATORY  BULLETINS  OFTHE  PUBLIC  HEALTH 
AND  MARINE-HOSPITAL  SERVICE. 

Tlio  Hyfiienic  Laboratory  was  established  in  New  York,  at  the  Marine  Hosi)ilal  on 
Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in  tho 
Butler  Building,  June  11,  1891,  and  a  new  laboratory  building,  located  in  Washington, 
was  authorized  by  act  of  C'ongress,  March  3,  1901. 

The  following  buUetins  [Bulls.  Nos.  1-7.  1900  to  1902,  Hyg.  Lab.,  U.  S.  Mar.-Ifosp. 
Serv.,  Wash.]  have  been  issued: 

*No.  1. — Preliminary  note  on  the  viability  of  the  Bacillus  pestis.     By  M.  J.  Rosenau. 

No.  2. — Formalin  disinfection  of  baggage  without  apparatus.     By  M.  J.  Rosenau. 

*No.  3. — Sulphur  dioxid  as  a  germicidal  agent.     By  H.  D.  Gedding.s. 

*No.  4. — Viability  of  the  Bacillus  pestis.     By  M.  J.  Rosenau.   • 

No.  T). — An  investigation  of  a  pathogenic  microbe  (B.  typhi  muriitniDAnyz)  applied 
to  the  destruction  of  rats.     By  M.J.  Rosenau. 

*No.  6. — Disinfection  against  mosquitoes  with  lornuildehydo  and  sulphur  dioxid. 
By  M.  J.  Rosenau. 

No.  7. — Laboratory  technique:  Ring  test  for  indol,  by  S.  B.  Grubbs  and  Edward 
Francis;  Collodium  sacs,  by  S.  B.  (intbbs  and  Edward  Francis;  Mi<Tophotography 
with  simple  apparatus,  by  H.  B.  Parker. 

By  act  of  Congress  approved  July  1,  1902,  the  name  of  the  ■'rnite<l  States  Marine- 
Hospital  Service"  was  changed  to  the  "Public  Health  and  Marine-Hospital  Service  of 
the  United  States,"  and  three  nev/  divisions  were  added  to  the  Hygienic  Laboratory. 

Since  the  change  of  name  of  the  Service  the  bulletins  of  the  Hygienic  Laboratory 
have  been  continued  in  the  same  numerical  order,  as  follows: 

*No.  8.  —Laboratory  course  in  pathology  and  bacteriology.  By  M.  J.  Rosenau 
(Revised  edition,  March,  1904.) 

*No.  9.  — Presence  of  tetanus  in  commercial  gelatin.     By  John  F.  Anderson. 

No.  10.  -Report  upon  the  prevalence  and  geographic  distribution  of  hookworm  ilis- 
ease  (uncinariasis  or  anchylostomiasis)  in  the  United  States.     By  Ch.  Wardell  Stiles. 

*No.  11. — .\n  experimental  investigation  of  Triipannsnma  li'nisi.  By  Edward 
Francis. 

*No.  12. — The  bacicriological  impurities  of  vaccine  \irus:  an  cx))criincn(;d  slmly. 
By  M.J.  Rosenau. 

*No.  13.— A  statistical  study  of  tlic  intestinal  parasites  of  500  white  male  patients  at 
the  United  States  Government  Hospital  for  the  Insane;  by  Philip  E.  Garrison,  Hray- 
ton  11.  Ransom,  and  Earle  ('.  Stevenson.  A  parasitic  roundworm  {.Igdnioiiicniiis 
eulii'is  n.  g.,  :i.  sp.)  in  American  mosquitoes  (Culcx  solHntans);  by  Ch.  Wardell  Stiles. 
The  tyi)c  species  of  the  cestode  geinis  Ilymenolepu;  by  (  h.  Wardell  Stiles. 

No.  11. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains;  a  now  disease,  liy 
John  I'".  Antierson. 

No.  I,').  Inefficiency  of  fiMiims  sulplialc  as  an  an(isr])tic  and  gerniicido.  I'.y  .\llan 
J.  McLauglilin. 

*Xo.  If).     The  antiseptic  and  germicidal  properties  of  glyccri?i.      !'.>  M  .  .1 .  Rosenau. 

*iNo.  17.  — Illustrated  key  to  the  trernatode  para,site8of  man.     By  Cli.  Waidcll  Slile>. 

*No.  18.  —An  account  of  the  tajjeworms  of  the  genus  Ihimenolepis  parasitic  in  man, 
including  reports  of  several  new  cases  of  the  dwarf  tapeworm  (77.  nana)  in  I  lie  United 
States,     liv  Hnivloii  II.  Kansoin. 
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Nil.   19. — A   method   fur  inoi-ulaliiii;  animals   -with   iirecise  amounls.     Hy   M.   .1. 


rtiisemiu. 

*>fo.  20. — A  zoological  investigalion  into  the  cause,  tran?mii-sion,  and  ."ourcc  of 
tocky  Mountain  "spotted  fever."     By  Ch.  Wardell  Stiles. 

No.  21. — The  immunitj'  unit  for  standardizing  diphtheria  antitoxin  (ba.'-ed  on 
Ehrlich's  normal  serum).  Official  standard  prepared  under  the  act  approved  July 
:.  1902.     By  M.  J.  Rosenau. 

*No.  22. — (.'hloride  of  zinc  as  a  deodorant,  antiseptic,  and  germicide.  J'y  T.  B. 
VIcClintic. 

*No.  23. — Changes  in  the  Phai'macopa'ia  of  the  United  States  of  America.  Kighth 
Decennial  Re\-ision.     By  Reid  Hunt  and  Murray  Gait  Motter. 

Mo.  24. — The  International  Code  of  Zoological  Nomenclature  as  applied  to  medi- 
[•ine.     By  Ch.  Wardell  Stiles. 

No.  25. — Illustrated  key  to  the  cestode  parasites  of  man.     By  Ch.  Wardell  Stiles. 

No.  26. — On  the  stability  of  the  oxidases  and  their  conduct  toward  various  reagents. 
The  conduct  of  phenolphthalein  in  the  animal  organism.  A  test  for  saccharin,  and 
a  simple  method  of  distinguishing  between  cumarin  and  vanillin.  The  toxicity  of 
izone  and  other  oxidizing  agents  to  lipase.  The  influence  of  chemical  constitution 
in  the  lipolytic  hydrolysis  of  ethereal  salts.     By  J.  II.  Kaslle. 

*No.  27. — The  limitations  of  formaldehyde  gas  as  a  disinfectant  with  special  refer- 
ence to  car  sanitation.     By  Thomas  B.  McClintic. 

*No.  28. — A  statistical  study  of  the  prevalence  of  intestinal  worms  in  man.  By 
Ch.  Wardell  Stiles  and  Philip  E.  Garrison. 

*No.  29. — A  study  of  the  cause  of  sudden  death  following  the  injection  of  horse 
serum.     By  M.  J.  Rosenau  and  John  F.  Anderson. 

No.  30. — I.  Maternal  transmission  of  immunity  to  diphtheria  toxine.  II.  Maternal 
transmission  of  immunity  to  diphtheria  toxine  and  hypersu.sceptibility  to  horse  serum 
in  the  same  animal.     By  John  F.  Anderson. 

No.  31. — Variations  in  the  peroxidase  activity  of  ".lie  blood  in  health  and  disease. 
By  Joseph  H.  Kastle  and  Haiold  L.  Amoss. 

No.  32. — A  stomach  lesion  in  guinea  pigs  caused  by  diphtheria  toxin<'  and  its 
bearing  upon  experimental  gastric  ulcer.     By  M.  J.  Rosenau  and  John  F.  Anderson. 

No.  33. — Studies  in  experimental  alcoholism.     By  Reid  Hunt. 

No.  34. — I.  Affamojilaria  georgiana  n.  .sp.,  an  apparently  new  roundworm  jiarasile 
from  the  ankle  of  a  negress.  II.  The  zoological  characters  of  the  roundworm  genus 
Filaria  Mueller,  1787.  III.  Three  new  American  cases  of  infection  of  man  with 
horsehair  worms  (sp(!cies  Parugordius  variiis),  with  summary  of  all  cases  reported  to 
dale.     By  Ch.  Wardell  Stiles. 

*No.  35. — Report  on  the  origin  and  prevalence  of  typhoid  fever  in  the  District  of 
Columbia.  By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle.  (Including 
articles  contributed  by  Ch.  Wardell  Stiles,  Joseph  Goldberger,  and  A.  M.  Stimson.) 

No.  36. — Further  studies  upon  hypersusceptibility  and  immnnily.  By  M.  J. 
Rosenau  and  John  F.  Anderson. 

No.  37. — Index-catalogue  of  medical  and  veterinary  zoology.  Subjects:  Trenui- 
toda  and  trematode  diseases.     By  Ch.  Wardell  Stiles  and  Albert  llassall. 

No.  38. — The  influence  of  antitoxin  upon  post-diphtheritic  paralysis.  By  ,M.  J. 
Rosenau  and  John  F.  Anderson. 

i\o.  39. — The  antiseptic  and  gernucidal  properties  of  solutions  of  formaldehyde 
and  their  action  upcm  toxines.     By  John  l'\  Anderson. 

.\f).  40.  —  I.  The  occurrence!  of  a  prolif(!rating  c(!stode  larva  {Sparganum  proliferwn 
in  man  in  l''lorida,  by  Ch.  Wardell  Stiles.  2.  A  reexamination  of  the  type  specimen 
of  Filaria  rcxliformis  Leidy,  \ii'M=Agamoinmnis  restiformis,  by  Ch.  Wardell  Stiles. 
3.  Observaticms  on  two  new  parasitic  tromatode  worms:  Ifotnalnganlcr  iMlippitit.nsis 
n.  i^p. ,  Agami)rllsli)niiiin  inirini  n.  sp.,  by  Ch.   Wardell  Stiles  and  Joseph  (ioldberger. 
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4.  A  reexamiuatioa  of  the  original  sijcciinen  of  Tunia  mujiiuild  uhiciina  (Weinlancl, 
1858),  by  Ch.  Warclell  S!,iles  and  Joseph  (loldberger. 

*No.  41. — Milk  and  its  relation  to  the  ])ublic  health.     By  various  authors. 

No.  42. — The  thermal  death  points  of  pathogenic  micro-organisms  in  milk.  By 
M.J.  Rosenan. 

No.  43. — ^The  standardization  of  tetanus  antitoxin  (an  American  unit  established 
under  authority  of  the  act  of  July  1,  1902).     By  M.  J.  Rosenau  and  Jolin  F.  Anderson. 

No.  44. — Report  No.  2  on  the  origin  and  prevalence  of  typhoid  fcv.^r  in  the  District 
of  Columbia,  1907.     By  M.  J.  Rosenau.  L.  L.  Lumsden,  and  Joseph  I!.  Kastle-. 

No.  45. — Further  studies  upon  anaphylaxis.  By  M.  J.  Ro.senau  and  John  F. 
Anderson. 

No.  46. — Bepatozoon  perniciosum.  (n.  g.,n.  sp.);  a  hasmogrsgarine  jjalhogenic  for 
white  rats;  with  a  description  of  the  sexual  cycle  in  the  intermediate  host,  a  mite 
(Maps  echidnimuii) .     By  W.  W.  Miller. 

No.  47. — Studies  on  Thyroid:  I.  The  relation  of  iodine  to  the  physiological  activity 
of  thyroid  preparations.     By  Reid  Hunt  and  Atherton  Seidell. 

No.  48. — ^The  physiological  standardization  of  digitalis.  By  Charles  Wallis  Ed- 
munds and  Worth  Hale. 

No.  49. — Digest  of  comments  on  the  United  States  Pharmacopeia.  Eighth  decen- 
nial revision  for  the  period  ending  December  31,  1905.  By  Murray  Gait  Motter  and 
Martin  I.  Wilbert. 

No.  50. — Further  studies  upon  the  phenomenon  of  anaphylaxis.  B;,'  M.  J.  Rosenau 
and  John  F.  Anderson. 

No.  51. — Chemical  tests  for  blood.     By  Joseph  H.  Kastle. 

No.  52. — Report  No.  3  on  the  origin  and  prevalence  of  tyhpoid  fe\-cr  in  the  District 
of  (lolumbia  (1908).     By  M.  J.  Rosenau,  Leslie  L.  Lumsden,  and  Joseph  H.  Kastle. 

No.  53. — The  influence  of  certain  drugs  upon  the  toxicity  of  acetanilide  and  anti- 
pyrine.     By  Worth  Hale. 

No.  54. — The  fixing  power  of  alkaloids  on  volatile  acids  and  its  application  to  the 
estimation  of  alkaloids  with  the  aid  of  phenolphthalein  or  by  the  Volhard  method. 
By  Elias  Elvove. 

No.  55. — Quantitative  pharmacological  studies:  adrenalin  and  adrenalin-like  bodies. 
By  W.  n.  Schultz. 

No.  5G. — Milk  and  its  relation  to  the  public  health.  (Revised  edition  of  Bulletin 
No.  41.)     By  various  authors. 

No.  57. — I.  The  presence  of  tubercle  bacilli  in  the  circulating  blood  in  clinical  and 
experimental  tuberculosis.  By  John  F.  Anderson.  II.  The  viability  of  the  tubercle 
bacillus.     By  M.  J.  Rosenau. 

In  citing  these  bulletins,  beginning  with  No.  8,  bibliographers  and  authors  arc 

requested  to  adopt  (he  following  abbreviations:  Bull.  No.  ,  Hyg.  Lab  ,  V    S. 

Pub.  Health  &  Mar.  Hosp.  Serv.,  Wash.,  pp. . 

M.\ILIN(!    LIST. 

The  Service  will  enter  into  exchange  of  publications  wiili  medical  and  scientifu- 
organizations,  societies,  laboratories,  journals,  and  authors.  \\.l  .\ppuc.\tion.s  fou 
tiie.se  publications  shoulo  be  addressed  to  the  "Surgeon-General,  U.  S. 
Public  Health  and  Marine-Hospital  Service,  Washington,  I).  C,  except 
tiio.se  marked  (*). 

The  editions  of  the  publications  marked  (*),  available  for  distribution  by  the 
Surgeon-General  of  the  Public  Health  and  Marine-Hospital  Service,  have  been 
exhausted.  Copies  may,  however,  be  obtained  from  the  Superintendent  of  Docu- 
ments, Government  Printing  Oflice,  Washington,  D.  C.,  who  sells  publications  at 
coal,  and  to  whom  requests  for  publications  thus  marked  should  be  made. 
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